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1.2 Scope.- The purpose of this document is to specify a three dimensional,
all sclid-state, urattended surveillance radar. This radar is being procured
to replace the existing joint-use [United States Rir Force (USAF) and Federal
fiviation Administration (FAA)] search and height-finder radars (ARSR-1, -2,
-33 AN/FPS~20/60 series and AN/FPS-6/9@/116). It will provide three
dimensimnal (range, azimuth and height) digital data on aircraft targets
within a 252 rautical mile (rm) radius centered upon the radar at altitudes up
to 100, 202 feet (ft.) above Mean Sea Level (MSL) and -7 to +3@ degree
elevation angles. Separately controlled and programmable data ports shall be
provided for the FRR Rir Route Traffic Control Centers (RARTCC) and the USAF
Sector Operations Control Centers (SQOCC).

2. Applicable Documents.- The following specifications, standards, and
other documentation form a part of this specification and are applicable to
the extent specified herein, except FRR-G-Z1@@e. FAR-G-2100e applies in its
entirety as revised herein.

(L]

.1 FAA Documents.-

na

.1.1 FRA Specifications.-

FRAR-E-2217 Digital Data Communications System
FRA-E~23139b fir Traffic Control Beacon Interrogator
FRA-E-2€7%a Common Digitizer - 2 (CD-2)

FRAR-E-271¢ Mode Select Beacon System (Mode §) Sensor
FAR-E-2751 Mode S Arterna Group, En Route Array
FRA-G-Z102e Electronic Equipment, General Requirements

2.1.2 FAAR Standards.-

FRAA-STD-012a Paint Systems for Equipment

FAR-STD-218a Lightning Protection, Grounding, Bonding, and
Shielding Requirements for Facilities

FRA-STD-@2Ba Transient Protection, Grounding, Bonding, and
Shielding Requirements for Equipment

FAR-STD-@24a Preparation of Test and Evaluation Documents

NAS-MD-790 Maintenance Processor Subsystem to Remote
Monitoring Subsystems and Remote Subsystem
Concentrators
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NAS-MD-79& Dperaticonal Requirements For The Remcte
: Maintenance Monitoring System (RMMS)
NAS-MD-793 Remote Maintenance Monitoring System Functiconal

Requirements For The Remote Monitoring
Subsystem (RMS)

2.1.2.1 FAR Drders.-

FAA Order 1010.51A U.S. National Standard for the IFF Mark X (SIF)/
Air Traffic Control Radar Beacon System
Characteristics

FAR Order 32%18.3R Radiation Health Hazards and Protection

2.2 Military and Federal Publicaticons.-

.1 Military Specifications.~

n
s

MIL-C-153@SE Coils, Fixed and Variable, Radiofrequency,
Gereral Specification for

MIL-C-3901@C Coils, Fixed Radiofrequency, Molded, Established
Reliability, General Specification for

MIL-F-137336 Filters and Capacitors, Radioc Freguency
Interference, General Specification for

MIL-H-46855E Human Engineering Requirements for Military
Systems, Equipment and Facilities

MIL-HDBK-472 Maintainability Predictions

MIL-P-288@5A Printed Wiring Assemblies

MIL-5-133206 Semiconductor Devices, Gerneral Specification for
MIL-T-27E Transformers and Inductors (Rudio, Power, and High

Power Pulse) General Specification for

MIL-T-21038D Transformers, Pulse, Low Power, Gerneral
Specification for
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2.2.2 Military Standards.-

MIL-STD-275E

MIL-5TD-454K

MIL-STD-461C

MIL-STD-4EE

MIL-ETD-453

MIL-STD-471A

MIL-STD-721C

MIL-STD-7810

MIL-STD-783R

MI_-STD-61@0

MiL-STD-B8ZC

MIL-STD-1130B

MIL-57D-125@

MIL-8TD-1472C

MIL-57D-15218

MIL-STD-2876

Printed Wiring for Electronic Egquipment

Standard General Requirements
for Electronic Eguipmernt

Electromagnetic Emission and Susceptibility
Requiremernts for the Control of Electromagretic

Interference

Electromagrietic Interference Characteristics,
Measurement of

Radar Engineering Design Requirements,
Electromagnetic Compatibility

Maintainability, Verification/Demonstration/
Evaluation

Definitions of Terms for Reliability and
Maintainability

Reliability Testing For Engineering Deveiopment,
Qualification, and Production

Reliability Program for Systems and Eguipment
Development and Production

Environmental Test Methods and Engineering
Buidelines

Test Methods and Procedures for Microelectronics
Connection, Electrical, Solderless Wrapped

Corrosian Prevention and Deterioration Contraol
in Electronic Components and Assemblies

Human Engineering Design Criteria for Military
Systems, Equipment, and Facilities

Technical Reviews and Audits for Systems,
Equipment, and Computer Software

Urit Under Test Compatibility with Automatic
Test Equipment, GBeneral Requirements for
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2,2,2 Federal Documents.-

e e e ———————

AFR 8@-18 DOD Ergineering for Transportability
AFSC Design Hdbk 1-2  General Design Factors

AFSC Design Hdbk 1-11 Air Trangportability

AFSC Pamphlet 800-27 Part Derating Guidelines

CSESD-11, I Communications Security Equipment Specification
for Fill Devices, KYX-13, KYX-15, KOI-18 (U),
National Security Rgency, (Confidential- COMSEC)

DOD RIMS 64-300D Performance/Design and Qualification
Requirements, Made 4 Input/Output Data,
KIT/KIR-1A /TSEC

DOD AIMS £5-1000B Performance/Design and Qualification Requirements
Technical Standard for the ATCRBS/IFF/MARK XII

Electronic Identification System

DOD-5TD-1686 Electrostatic Discharge Control Program for
Protection of Electrical and Electronic Parts,
Assemblies and Equipment

DOD-STD-2167 Defense System Software Development

NAVMAT P4853-1 Navy Power Supply Reliability, Design, and
Manufacturing Guidelines

NSA 85-2C Performance and Interface Specification for
TSEC/KG84C, General Purpose Encryption Equipment
(BPEE) (U) (Confidential~COMSEC)

RADC-TR-B82-172 RADC Thermal Guide for Reliability Engineers

Airworthiness Standards: Transport Category ARirplanes, Fire Protection,
Compartment Interiorsj Federal Aviation Regulations, Part 25.853(b)

Manual of Regulations and Procedures for Federal Radio Frequency
Management: Issued by National Telecommunications and Information
Administration (NTIA) :
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2.3 Other Publicatioms.-

AC 7@/74E2-1 Adviscry Circulari Obstruction Marking and Lighting

ANSI X3. 4-86 Information Systems - Coded Character Sets -
7-Bit American Naticnal Standard Code for
Information Interchange (7-Bit ASCII)

ANSI X3.66-73 Advanced Data Communication Contreol Procedures
(ADCCP)

ASTM BZc4 Coppers, Classificatiorn of

ASTM BGS3-84 Standard Practice For Operating Light- and
Water-Exposure Apparatus (Fluorescent UV-
Condensation Type) for Exposure of
Normetallic Materials

EIR-RS-232D-87 Interface Between Data Terminal Equipment and

Data Circuit Termination Equipment Employing
Serial Binary Data Interchange

EIR-RS-42ZR-78 Electrical Characteristics of Balanced Voltage
Digital Interface Circuits

EIR-RS-GZ0-87 High Speed 25 Position Interface For Data
Terminal Equipment Cormector and Data Circuit -~
Terminating Equipment

IEEE-STD-488-78 Digital Interface for Programmable Instrumentation
IEEE-STD-796-83 Microcomputer System Bus

Copies of this specification and other applicable FAR specifications,
standards, and drawings may be requested in writing from the Contracting
Dfficer at the followirng address: Federal Aviation Administration/ALG-348, 800
Independerce Avenue, S.W., Washington, D.C. 2@59i. Requests should fully
identify material desired’ e.g., specification, standard, and drawing numbers
and dates. Requests should cite the request for proposals or the contract
involved or other use to be made of the requested material.

Information on obtaining copies of federal specifications and standards may be
obtained from GBerneral Service Administration Offices in Atlanta, GA3 Auburn,
WA} Boston, MAS Chicago IL3 Denver, CO3 Fort Worth, TXi Kansas City, MO’ Les
fAngeles, CA7 New York, NY§ and Washington, D.C.

Copies of the military specifications, standards, and ARSTM publications may be
obtained by addressing the Commanding Officer, Naval Supply Depot, S8@1 Tabor
Averue, Philadelphia, Pennsylvania 191z0.

-F-
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The RADC Reports may be obtained from the National Technical Information
Service (NTIS), Springfield, VA 22161, telephone number 703-487-4630. Mail
requests should cite the RFP or contract for which the materials are needed.

Copies of Department Of Defense (DOD) Rir Traffic Control Beacon Interrogator
Identification Friend or Foe Mark XII System (RIMS) specifications 65-10@0B
and 64-90@D can be obtained from the Director of Material Management/MMAM-
ARIMS, Rabins AFB, BA 31038,

Copies of National Fire Protection Association {NFPR) publications may be
abtained from the NFPA, Batterymarch Park, Quincy, MA B22693.

Copies of the American National Standards Institute (ANSI) publications can be
obtained from the ANSI, 1430 Broadway, New York, NY 10Q18.

Copies of Electronic Industries Association (EIR) documents can be obtained
from the EIA, 20Q1 Eye Street, N.W., Washington, D.C. Z0BRE.

2.4 Precedence of Documerts.- If the requirements of this specification or
subsidiary documents are in conflict, this specification shall have precedence
with the sole exception of FRA Order .1818.51A identified in 2.1.2.1. In the
event of conflict between FAR Order 1@10.51A and this specification, FRA Order
1210. S1A shall have precedence. In the event of conflicts between FAR
document (s) and military and federal document(s), FAA document (s) shall have
precedence.

2.5 Paragraph Referencing.— When paragraphs are referenced herein (whether
to other paragraphs in this specification or to other documents) all
subordinate paragraphs to those references shall apply.
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2.8 Reguirements.-

2.1 Summary of Equipment and Services to be Furnished by the Contractor.-
The contractor shall furnish and install the quantity of radars, Air Route
Surveillance Radar - Model 4 (ARSR-4), and other equipment, materials, and
services specified in the contract. Any unit or part, except for general
purpose test equipment and commor hand tools, necessary for operation and
adjustment in accordance with the requirements of this specification shall be
incorporated ever though that unit or part may not be specifically provided
for or described herein., All features required to meet performarce
requirements, such as shock mounting of particular Line Replaceable Units
{LRUs) or assemblies, heat circulation by means of blowers, controls,
indicator lamps, cverload protection devices, meters, test points, interlocks,
switches, etc., shall be incorporated ever though the features may not be
specifically provided for, or described herein. All facilities, parts, and
hardware, including receptacles, connectors, cabling (wiring), adapters and
sutlets shall be incorporated to enable the units of the subsystem or system
to be properly assembled, interconnected, installed, and maintained as
required hereirn. Each subsystem and system shall be complete and in
aceordance with all specification requirements stated herein, including the
radome. All equipment supplied by the contractor shall be of such a design
that its operation is fully compatible with all External Interface Equipment’s
{EIE's) operation.

=
e

2 Nt Used. -

I

.2 Definiticns.-

- -

3.3.1 Principal Azimuth Plare.- The principal azimuth plane in anterna
arrays refers to the anterna frame of reference, with the coordinates row (r)
and column (c) that intersect at or about phase center. One of the principal
plares is normal to © (with co-phase column elements) and passes through

row r. When the antermna is in the upright position, this principal plane
coincides with the local horizontal, and refers to the principal azimuth
plare.

When the coclumn elements of a planar array are given a phase differential, the
principal azimuth plare transforms to a conic surface. The conical axis
coincides with the © coordinates, and its included angle is commensurate with
the phase differential.

Arimuth anterna patterns, that are taken in the principal azimuth plane of its
transform conic surface, demonstrate an angular dependence on only the r
coordinate illumination function. This follows since the phasing in the
column elements remain unaltered anywhere in the principal azimuth plane. The
c coordinate illumination function is therefore decoupled from the azimuth
anterma patterns.
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The principal azimuth plane of a reflecting antenna subsystem is a plane which
includes the line of maximum radiation from the antenna, and an intersecting
horizontal line which is normal to the line of maximum radiation. This
definition applies to the elevation/scan angle of the antenna.

The principal azimuth plare is by definition identical in planar and
cylindrical arrays.

3.3.2 Principal Elevation Plane.- ARArrays with co-phase row elements have as
the principal elevation plane, the plane normal to the row (r} and that
includes column (o). This definition assumes that the rows are parallel to
the local horizontal, thereby aligning the principal elevation plane parallel
t= the vertical plane.

This definition precludes cylindrical arrays, whose elements are phase tapered
by design. Elevation plane pattern measurements taken of a cylindrical array
will in gerneral exhibit elevation angle deperdence on both c and r
illumination functisons. However, the vertical plane will here be referred to
as the principal elevation plane with regards to the elevation pattern
measurements for all antenna arrays.

The principal elevation plarme of a reflecting anterna subsystem is a vertical
plane passing through the center of the reflector and including the line of
maximum radiation.

3.32.2 Peak of Beam.- The peak of beam of the anterma is defined as the
intersection of the principal azimuth plane with the principal elevation
plane.

3.3.4 Nautical Mile.- One rautical mile (rnm) equals 12.3386 x 1@°¢
secords/radar mile. The speed of light equals 2.3971@ x 12* meters/second.
Therefore, one nautical mile equals 687€. 1231 feet.

3.3.5 High Sited Site.- The term "high sited site" (may alsc be referred to
as "high site) refers to a site in which the focal point of the antenna is at
€,50Q@ feet above Mean Sea Level (MSL).
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3.3.6 Low Sited Site.—- The term "low sited site" (may also be referred to as
"low site”) refers to a site in which the focal point of the anterma is at 350
feet above Mean Sea Level (MSL).

3.3.7 Reflectivity Factor (Z).- The reflectivity factor (I) is defired as
the summation over unit volume of the sixth power of the particle diameters
for rainfall, For this specification Z = 2@@ r'-¢ (dBZ = 1@ log 20 shall be
used, where + is rainfall rate in millimeters/hour and Z is in mmé/m? units.

2.2.8 Field Adjustable/Selectable.- An adjustment or selection of a
parameter that can be made at both the site and from a remcte location via
RMMS.

2. 3.9 Site Adjustable/Selectable.~ An adjustment or selection of a parameter
that can be made from the site only.

3.2.10 lire Replaceable Unit (LRUW .- An LRU is the lowest unit (e.g.,
module, circuit card assembly, printed circuit card, antermna bearing, etc.)
that will be replaced within the operating system during on-site maintenance
activities. It is a separate installable, physical package which performs a
single function or group of claosely related functionms.

3.3.11 Site Visit.- A site visit is defined as an entry intc the area

cocntaining the ARSR-4 for the purpose of performing preventive or corrective
maintenarnce.

2.3.18 Failure.- Failure is defined as the event, or inoperable state, in
which any unit or part of a unit, software, or firmware does rot, or would
not, perform its intended function or capability.
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3.4 System Performance Requirements.- The ARSR-4 shall simultaneously meet
all of the specified requirements. All ARSR-4 requirements will be evaluated
by the Goverrment using the performance levels specified herein.

The ARSR-4 shall meet the target detection performance specified in Table 3-1
in the specified clutter environments and in the actual site clutter
envirornments at each ARSR-4 installation site. The radar system shall be
desigred tc achieve this target detection performance even if the clutter
environment where the radar is installed is less stringent than that
specified. If the clutter levels in range, azimuth, and elevation cells at a
radar site are more stringent than that specified, the contractor may only
degrade target detection performance in those cells where terrain, rain and
angel clutter levels exceed the values specified. However, this degradation
of target detection performance shall only be permitted in the range, azimuth,
and elevation cells where the contractor can prove to the Government that
these clutter values experienced exceed the specified levels. Rt no time
under any clutter environment shall the ARSR-4 system exceed the 154 false
reports requirement specified in paragraph 3.4.1.6. Rll specified target
detection performance and false report rates required in specified clutter,
actual site clutter, and in the clear shall be tested and verified at each and
every field installation site to enmsure compliance of all the specified
detection performance requirements at the radar’s cperational installation
site environment.

The ARSR-4 shall be capable of determining rarnge, azimuth and height data on
each target detected during each azimuth scan. It shall be capable of
detecting fixed wing and nonfixed wing aircraft with ground speeds from 25
kriots to 3000 knots. .

The scan period of the ARSR-4 shall be 12 seconds (S revolutions per minute
[rpml) +/-@.1 seconds as measured at any or all angles.

The ARSR-4 shall be capable of detecting and reporting aireraft targets to a
range of 250 nm and from the earth’s surface as low as -7 degrees to a maximum
of +30@ degrees in elevation and toc a maximum height of 102,000 feet MSL (see
Figure 3-1) in accordance with Table 3-1.

The ARSR-4 shall be capable of being operated and maintained without permarent
on-site persormel. Scheduled orn-site preventive maintenance shall be required
no more than once every 51 days.

Target overload conditions shall be handled in such a marner so as to

eliminate radar data of least importance first and radar data of most

importance last. The actual priority ranking shall be approved by the
Government.

-1~
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3.4.1 Primary Radar Coverage.-

3.4.1.1 BSearch Coverape.~ The ARSR-4 shall detect and report targets through
JEQ degrees in azimuth. The slant range coverage shall be from S to 252 nm
and the elevation coverapge shall be to 100,800 feet MSL and from -7 to

+30 degrees with reference to a zero degree radar horizontal. Coverage at
lookdown angles (+@8.2 to -7 degrees) shall be site selectable. See Figure 3-1.

3.4.1.2 Search Detection Envelope.— The ARSR-4 system shall provide the
tarpet detection levels specified in Table 3-1 in the actual clutter
envirorment encountered at any ARSR-4 field site. The clutter levels
specified in Table 3-1 are the minimum levels in which the contractor’s design
shall be capable of providing the specified detection performance in clutter.
Additicnally, the contractor shall provide the tarpet detection performance
levels specified in Table 3-1 if the actual clutter levels experienced at a
field site are greater than those specified herein. Target detection
performance may be degraded in range, azimuth, and elevation cells where the
specified terrain, rain, and arngel clutter levels are exceeded only if the
contractor proves to the Government that the clutter levels in those cells are
exceeded. The footrnotes to Table 3~1 shall be interpreted as RARSR-4
requirements in the same marmer as any other reqguirement specified in this
specification. The specified performarce shall take into consideration the
‘effects of all system loss factors, including atmospheric losses due to
absorption and lerns—effects.

-11-
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TABLE 3-1 SYSTEM DETECTION PERFORMANCE
Environsental | Altitude ! Radial (M) |ApplicableiTarget! Detection(l}) |  Detection{l}
Condition ! Coverage ! Velocity | Ramge | Size | Probability !  Probability
i I {Knots) | | | ({Single Scan)  1{Two consecutive scans)

Clear(B) IFrom the surface(C)! 80 - Max VIS - 92 nai0.1x® I1Pd } BO percent |
land above a line | © - Max VIS - 165 nm!i.%m® ifor 108 percent ofl
ltangent to the I 0 - Max VIS - 260 nmi2.2n® Ithe specified !
Ihorizon, up to | @ - Max Vi5 - 250 i3, Bee® [radial velocities.
{108,000 feet MSL. ! | I !

150,000 fest MSL | 1 | !
|

I
!
]
[for 8.1e® tarpets) ! | | |

Sea State Five(R) IFrom the surface(C)| BO - Max VIS - 92 rmi®.ix® IPd ) 80 percent [Pd ) 88 percent for

Clutter land above a line 20 - Max VIS - 99 rmli.®m® [for 95 percent of 199 percent of the
reflectivity  Itangent to the ] ! Ithe specified Ispecified radial
{ng + 3dB thorizon up to iradial velocities. Ivelorities.

(Table A4)  1100,090 feet MSL.
| (50,000 feet MSL

1
|
!
i i IRt any velocity
|

Ifor Q. 1x® targets) |
!
!
]
|
]
]

| between 20 and 700
| lknots, the velocity

] ! |response shall not
| 1fall more than 8 dB -
| Ibelow the 20 - Max V
] lknot mean level for at
| {least one of the two
1

I
I
!
|
I
I
I
1
I
! iscans for targets )im®

|
!
]
!
]

Terrain{f) IFrom the surface(C)! 20 - Max VIS5 - 52 rmii.0e® 1Pd ) 8O percent |Pd ) 80 percent for
Wooded Hills = land above a line | I Ifor 95 percent of 199 percent of the
oo { -17dB ltangent to the | | ithe specified ispecified radial

|
|
Mountains = lhorizon, up to ] ! ! Iradial velocities. Ivelocities.
8o { -14dB {100,000 feet MSL. | i | iThis requirewent (At any velocity
] I I | idoes not apply to ibetween 28 and 700
Lowlands(E} = | I 20 - Max VIS - 99 meli.0n® Ithe spectral iknots, the velocity
9o { -24dB I ! I ! idensity 20 knot iresponse shall not
{6e = 5 degrees)!| ] | 1 leurve of Figure R31fall more than 8 dB
0o { -28dB ] | i { ifor lowlands. ibelow the 26 - Max ¥
(8a = 1 degree) | 1 | 1 ! Jknot mean level for at
oo { ~39dB I 1 l | | |1east one of the two
{8g =0.1 degree) | I ! ! I Iscans for the specified
| i ! | i Itarget sizes. This
! ] ] I 1 Irequiresent does not
Wooded Hills = | | 20 - Max VIS - 180 mml2.on® | iapply to the spectral
5o { -23dB | | ! | ! ldensity 20 knot curve
Yountains = ] ! i ] | lof Figure A3 for lowlands
6o { -28dB | ! ! I f I

-13-
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May £, 1988
Environmental | Altitude
Condition } Coverage

| Radial(H) iRpplicablel
{Velocity
1 {Knots)

|
|

Range

1
!

Target
Size

| Detection(I)
| Probability
I (Single Scan)

! Detection(I)
] Probability
1{Two consecutive scans)

Superclutter visibility for rain(G)

Rain clutter(R,D) |From the surface(C)!d - Max VI5 - 110 nal
18 - Max VI5 - 168 nml
18 - Max VIS - 205 nal

1ma/hr rain land above a line
plus Bright tangent to the
Band or Ihorizon, up to
cellular rain 100,000 feet MSL.
{ 4mm/hr i
{Tropical ard |
middle latitude |
climatic |
conditions. ) |

|

|
!
i
!
|
|
|

|
i
1
!
!
|
1

|
!
|
|
|
!
]

1, 0m®
2. o
3. 8ut

1Pd )} 80 percent

!

ifor 108 percent of!

Ithe specified

radial velocities |

Rain clutter(R,D) IFrow the surface(C)!@ - Max VIS - 110 rmiTarget size 1Pd ) 80 percent
18 - Max VIS - 168 nm|increases
}@ - Max VIS - 205 meiproportional ithe specified
lto the
lincrease in |
irain cross- |
Isection
labove 4mm/hri

} &mm/hr o land above a line
{ T0mm/hr Itangent o the
(Tropical and  lhorizon, up to
middle latitude 199,000 feet MSL.
climatic I
conditions) I
I

!
!
i
|

!

|
!
|
!

|for 160 percent of

Iradial velocities

|

1

i
l
!
i
|
1
I
|
|
i
[
1
]
!

Subclutter visibility for rain(G) (competing with clear(B) environments.)

Rain clutter(R,D) [From the surface(C)|268- HMax VI3 - 32 ml

({ 10 mm/hr) land above a line
{Tropical and Itangent to the
middle latitude lhorizon up to
climatic 1100,000 feet MSL.
conditions} |

1
!
!
!

!

|
|
1
]

I
1
]
!
|

2. a®

1Pd ) B0 percent

|

|for 78 percent of |

ithe specified

iradial velocities. |

-yl
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TABLE 3-1 SYSTEM DETECTION PERFORMANCE {continued)
Environmental | Altitude | Radial(H)|ApplicablelTarget]! Detection(I} |  Detection(D)
Condition } Coverage | Velocity | Ramge | Size | Probability |  Probability
] | {Knots) | | | (Single Scan) 1{Two comsecutive scans)
ANOMALDUS PROPAGATION (LOW SITED SITE ONLY)
Ducting (F)

Sea State Two(R)1In a duct and | 88-Max V IS - 92 nmiQ.1m® IPd } BO percent |Pd ) 80 percent for 39
Clutter Ifrom the surface(C)] 20-Max V IS - 165 rmil.Bw® Ifor 95 percent of ipercent of the
reflectivity land above a line | 28-Max V IS - 280 nmi2.2»® ithe specified Ispecified radial
4y + 3dB Itangent to the | 28-Max V IS5 - 250 nm!5.Bw® iradial velocities. lvelocities. At any

(Table A4} thorizon, up to

| 1 ! ivelocity between 28 and

1100, 000 fest MSL. 1708 knots, the velocity
1 (50,000 feet MSL iresponse shall not fall
for @.12%) jmore than B dB below

!
|
|

{level for at least one
lof the twe scans for the

|
i
|
!
I
!
|
] ispecified target sizes.

[ } |
] | !
| | |
! | | Ithe 20-Max V knot mean
| { 1
{ i i
{ i i

Through duct over water(F)

Terrain LowlandsiFrom the surface(C)! 28-Max V |5 - 165 nuil.0u® IPd ) B8 percent {Pd ) B@ percent for

9o { - 45dB  land above a line
{tangent to the
lhorizon, up to
1106, 280 feet MSL.

1
|
|
|
!
!
!
|
|
]

20-Max V IS5 - 200 rmi2.2n® Ifor 95 percent of 199 percent of the

20-Max V |5 - 258 rmi5, Be® |the specified Ispecified radial
1 | lradial velocities. lvelocities. Dim

! IThis requirement [speeds notch depth

l Idoes mot apply to ishall not exceed 8dB

! Ithe spectral 1for at least one of

] Idensity 20 knot  Ithe two scans for the

] tcurve of Figure A3ispecified target sizes

! {for lowlands. ifor radial velocities

| ! ifrom 20 to 700 knots,

1 | 1This requirement does

] | Inot apply to the 20

| | lknot spectral demsity

! | leurve of Figure A3

I i

|
|
]
|
!
|
|
|
|
|
i
|
!
]
] {for lowlands.
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TRBLE 3-1 SYSTEM DETECTION PERFORMANCE (continued)
Environmental | Altitude | Radial({) | Applicable |  Target |  Detection(l) I Detection{I)
Condition | Coverage | Velocity | Range | S8ize | Probability | Probability

1 [ (Knots) | | ! (Single Scan) ! (Two

! | | ] i lconsecutive scans)
Superclutter |As stated | @-MaxV I5~250 nm [118dB greater IPd ) 80 percent |
visibility for [previously I ! {than the |for 180 percent {
surface clutter Ifor each | | Imean clutter lof the specified |
(terrain and sea) lenvironmental | | [to noise iradial velocities |
for both normal lcondition. ! ! iratio in | |
and anomalous | 1 | leach | |
propagation and | ! | iresolution | |
for rain ! I ! leell, 1 |
competing with | 1 | | ! |
surface clutter. | | | i | !
Subciutter 1fs stated IAs stated Ifs stated |ITarget sizes |Pd } 80 percent  iPd } 82 percent
visibility for lpreviously ipreviously labove for lassociated Ifor 95 percent of Ifor 99 percent of
surface clutter Ifor each ifor each Ifor each  [with each 1the specified {the specified
(terrain and sea) lenvironmental lemviron-  lenviron-  IApplicable Iradial velocities Iradial
for values jcondition. lmental Imental |Range {in surface clutter lvelocities in
greater than ! lcondition. lcondition. lincreased  lenviromments. Isurface clutter
those specified | ! | Iproportional iThis requirement lenvironsents,
greviously, Thisl ] ! 1to0 the idoes not apply to IThis regquirement
applies to both | ! ! lincrease in Ithe spectral Idoes not apply %o
normal and ] [ f iclutter idensity 20 knot Ithe spectral
ancmalous ! { ! labove the  lcurve of Figure A3 idensily 28 knot
propagation, 1 | | Ispecified  Ifor lowlands. icurve of Figure A3

| | | tvalues up to | ifor lowlands.

{ ! i la level ! f

| | | lequal to a | |

! ! ! jog = -14dB | !
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Footnotes to Table 3-1

Clutter is defired in the Clutter Model in Appendix R. Figures
and Tables referenced in Table 3-1 can be found in Apperdix A,
The envirorments defined in Figure Al of Apperdix A are idealized
sites for the purpose of evaluating performance in clutter. The
ARSR-4 system shall have sufficient waveform and processing
flexibility to adapt to the actual site clutter conditions. This
adaptability shall provide the same performance specified in Table
3-1 for the specified clutter levels, altitudes, ranges, and
target sizes at sites where the geographical mix of clutter
differs as a function of range and azimuth from the idealized
sites specified in Appendix A.

"Clear" is defirned as those areas that satisfy all of the
following conditions:

(1) Areas defined ir Appendix A as dominated by thermal noise.

(2) Areas rot containing clutter from anterma and waveform
sidelobes which exceed thermal noise.

{(3) Areas in the first (unambiguous) range‘interval that do not
contain second- and third-time-arcund clutter.

"Surface" is defined as that portion of the Earth’s surface
between the ranges of 5 nm and the radar horizon (See Figure 3-1).

These superclutter and subclutter capabilities are specified
guantitatively for rain alone. The processes used for both sub-
and super—clutter visibility in rain shall also be available in
combination with the clutter processing for surface clutter to
address those situations where rain and surface clutter occur
simultaneously in the same resclution cell (bimodal clutter). The
system shall provide detection and velocity visibility at each
field site in bimodal clutter situations commensurate with
combining the processes used for detection in rain and surface
(terrain and sea) clutter.

For grazing angles which fall at values other than the 5 degree, 1!
degree and @.1 degree values specified, the applicable oo shall
be cbtained by computing the 390th percentile levels using the
formula in Table A1 of Appendix R.

-17-
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Footnotes to Table 3-1 (continued)

F. The detection requirements do not apply to the elevation gap
between the top of the duct and the critical elevation angle.
This angle should never exceed 1 degree and is generally less than
@.5 degree.

G. In the event that circular polarization is used tc meet the
requirement for detection in rain, the target sizes specified in
Table 3-1 shall be reduced by S@ percent (e.g., l.O0m* decreases to
@.5m*) for determining the Pd in rain. This reflects the loss
expected in backscatter energy from a given aireraft relative to
linear polarization. This loss of signal strength also exist in
areas where rain does not exist, but need not be considered in
meeting the detection requirements of Table 3-1 in these area.
However, to minimize this loss, circular polarization shall be
field selectable and adjustable as specified in 3.5.6.2. 1If a
technique other than cirpular polarization is used to meet the
detection requirements in rain, any loss in detection resulting
from the use of this technique must be included in meeting the
performance specified in Table 3-1 for rain. A loss of up to 3 dBb
in detection perfermarnce with respect to that specified in Table
3-1 for other envircnments will be permitted. However, to
minimize such loss, if it cccurs, the technique shall be field
selectable and adjustable as described in 3.5.6.2. The technique
reed rot be selectable arnd adjustable, if all detection
performarce requirements specified in Table 3-1 are fully met
using the technique.

H. The maximum radial velocity (Max V) for use with this table is
stratified by altitude as follows:

Maximum Velocity Altitude
1,022 krwots @ to 10,20@ ft. MSL
1,50Q knots Y190, 000 to 3@,000 ft. MSL
3,080 knots y 30,000 to 100,002 ft. MSL
1. The single scan detecticn probability applies to each and every

range position throughout the specified detection volume and is
rot to be construed as detection averape over a range interval.
Similarly, the two consecutive scans detection probability applies
at each and every twc rarnge pesitions as may be encountered by any
target (3.4.1.5) on two consecutive scans. The 1@ kriot spectral
density curve im Rppendix A, Figure R3a applies to sections of the
table where laowlands clutter performance requirements are
specified.

_18_
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Z.4.1.3 Height Coverage.- The ARSR~4 shall produce height reports on tarpets
through 36@ degrees in azimuth and from 8 to 258 wm in range. The elevation
reporting coverage shall be from at least -1.8 (for high sited radars)/+08.2
(for low sited radars) to 2@ degrees above the horizontal. Height of targets
outside the -1.2/+0.2 to 2@ degrees envelope (-7 to -1.08/+8.2 and +20 to

+32 degrees) shall be reported and flagged as an invalid height report, but
excused from the accuracy requirements stated in 3.4.1.9.3. The altitude
coverage shall extend to 10@, 202 feet MSL.

3.4.1.4 Height Detecticrn Envelope.- The height detection envelope shall be
the same as the search detection ernvelope specified in 3.4.1.8.

- 4

2.4.1.5 Target Definition.- A target shall be defined as a manmade,
unambiguous in range, flying vehicle possessing the following characteristics:

{a) Radar Cross Sectien (RCS): @.im* to 1@, @00m* (Swerling I), for
linear polarization. (See footnote (g) of Table 3-1 for target
sizes in the event circular polarization is used.)

(b) RCS versus Altitude versus Velocity (Knots):

RCS Altitude Velocity
2.1 to (1.0m*: @ to 10,002 ft. MSL B2-100@ (Radial)

ga-i@ae (Ground)

y19,002 to 30,000 ft. MSL 82-15@@ (Radial)
80-150@ (Ground)

Y3@, 000 to 100,002 ft. MSL 82-3002 (Radial)
82-302@ (Ground)

1.2 to 10, 000m? : @ to 10,002 fi. MSL 2-1230@ (Radial)
25-122 (Ground)

>1@,000 to 30,00@ ft. MSL . @-15@@ (Radial)
25-1500 (Bround)

y30,000 to 100,002 ft. MSL 2-2082 (Radial)
25-3000 (Ground)

(e) Dynamics: Maneuvers up tc a Gravitational
Force Factor (g) of seven (7g).

(d) Type aircraft: Fixed or nonfixed winged.

-19-
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2. 4.1.6£ False Reports.-— Averaged over ten scans, the number of false
reports per scan at the output of the first function of the scan to scan
carrelation function (3.5.11) shall not exceed a total of 194 from all causes.
A false report is defined as a transmission of a search message to the
ARTCC/SOCC on any object cther than a target (as defired in 3.4.1.39). This
false report rate shall not be exceeded when the ARSR-4 is installed and
aperated at the installation sites. Additionally, the minimum clutter levels
that the ARSR-4 shall be capable of providing this false report rate shall be
those specified in Appendix A. If the clutter levels actually experienced at
a site are greater than those specified in Appendix R, the ARSR-4 shall still
maintain these specified false reports requirements. RAdditionally, false
reports from individual causes shall not exceed the false report levels in the
following list.

(a) noise: 4
(by terrain and sea: 9o
(¢} vehicular traffic and angels: 7@
(d) cellular precipitation: 190

(crr combined cellular and distributed precipitation)
{e) distributed precipitation only: (=3

The contractor shall not resort to blanking in crder to maintain the false
alarm rate requirements with the exception of target processing for vehicular
traffic (3.5.11). The false repocrt count shall be based on the first function
output from the scan to sean correlation (3.35.11).

3.4.1.7 Performance in Clutter.- Appendix A describes the radar clutter
ervironment for terrain clutter, sea clutter; rain clutter, angel clutter,
ground vehicles and Ancmalous Propagation (AP, Sigral processing, search
target extraction and scan to scan correlation shall address these clutter
conditions. The contractor shall design his wavefarm(s) and antenna beamwidth
to maximize interclutter visibility consistent with the overall specification
requirements. Each ARSR-4 clutter pruocessing function shall have full
adaptability to the actual site clutter envirormertal conditions. The ARSR-4
shall be capable of providing clutter processing over the entire coverage
volume (3.4.1.1) on each antenna scan, enabling the ARSR-4 to provide the
specified target detectior in clutter and false report rate anywhere in the
coverage volume at the actual field site.
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3.4.1.8 Radar Target Capacitv.~- The ARSR-4 will be operated in an air
traffic ervironment with wide variations in aircraft population and the
distribution of that population as indicated in the feollowing list. The
number of aircraft, not including false reports, may vary from zero to the
maximum listed as & function of time or antenna azimuth or both. Beacon
target capacity is specified in 3.4.2.4.

{a} Steady-state maximum: 820 aircraft returns within the primary
radar coverage.

(b) Large sector peak: S0 aircraft returns in each of eight
contiguous 11.25 degree sectors.

() 5Small sector peak: 28 aircraft returns in each of three
contiguous 1.2 degree sectors.

(d) ARzimuth peak: 6@ aircraft returns aligned in an azimuth
radial (could be in ore elevation beam).

{(e) Range d:istribution peak: 4 aircraft returns within 4.5 nm interval
(excluding the @ t5 5 nm range interval
from the site) not equally spaced.

3.4.1.9 Primary Radar ARccuracy.- Thne accuracies specified in the following

subparagraphs apply to all targets achievirg a Pd of 2.8 or greater. Durirng

the freyuency-hopping mode of aperation (32.4.1.15.1), these accuracies do not
apply to targeis competing with clutter, but do apply to targets in the clear
gnvironmert.

2.4.1.2.1 Range Bccuracv.—- Within the primary radar coverage to 25Q nm, the
ARSR-4 system shall provide single scan range surveillance information which
is accurate to 1/1% nm [root-mean—sguared (rms) values including all bias and
Jitter errorsl.

2.4.1.9.2 ARzimuth Accuracy.— HWithin the primary radar coverapge, the RRSR-4

shall pravide single scan azimuth surveillance information which is accurate

to @.176 [2 azimuth change pulses (RCPs) (referenced in 3.35.3.2)] degree (rms
values including all bias and jitter errors).

3.4.1.2.2 Height Accuracy.— Betweern 5 and 175 rm o a 2.2m® target, all
height errors meassured (on a single scan basis) in any § nm interval shall be
within 3,038 feet rms (irncluding all bias and jitter errors) of the target’s
true altitude. No height accuracy is required on height reporting outside the
-1.0/+2.2 to +20 degree height detection envelope (3.4.1.3 and 3.4.1.4), At
ranges bevond 1735 rm the height accuracy shall not decay beyord that expected
dueg to signal to nolse ratio ~eduction and the argular spread.
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2.4,1.18 Primary Radar Resolution.- During the frequency-hopping mode of
operation (3.4.1.15.1), the following resclution requirements do not apply to
targets competing with clutter, but do apply to targets in the clear
environment.

3.4,1.10.1 Range Resolution.- Between S and 200 nm, the ARSR-4 shall be
capable of resolving with a 90 percent probability, two 1@m* RCS Swerling 1
targets separated by 1/8 nm in range and in the same azimuth and doppler (if
used) resolution cell and within 2,000 feet in altitude of each other, while
maintaining the specified range accuracy stated in 3.4.1.9.1 for those targets
resolved.

3.4.1.10.2 Azimuth Resolution.~ Both of the following conditions shall be
met.

At 10@ nm, the ARSR-4 shall be capable of resolving with 5@ percent
probability two 2.2m? RCS targets (T-38) separated by 1.5 degrees in azimuth
in the same range and doppler (if used) resolution cell and within 2,000 feet
in altitude of each other, while maintaining the specified azimuth accuracy
stated in 3.4.1.9.2 on each target resolved. This resclution shall be met
regardless of the relative phase of the signal from the two targets and while
maintaining the specified azimuth accuracy stated in 3.4.1.9.2 for those
targets resclved.

Between 5 and 20@ nm, the ARSR-4 shall be capable of resolving with a 90

percent probability two 1@m® RCS Swerling I targets separated by 2 degrees in
azimuth and in the same range and doppler (if used) resolution cell and within
2,000 feet in altitude of each other. This resolution shall be met regardless
of the relative phase of the signal from the two targets and while maintaining
the specified azimuth accuracy stated in 3.4.1.9.2 for those targets resolved.

3.4.1.11 Primary Radar Time Sidelobes.- In the event that pulse compression
is used, the time sidelobes separated by more than 1/8 nm from the peak
response shall be at least 30 dB from the peak response of the pulse,
including the effects of Sensitivity Time Contol (STC) over the undecoded
pulse length(s).

3.4.1.12 Primary Radar Data Update Rate.- For each primary radar target
detected, the range, azimuth, and height data shall be updated once per scan.

3.4,1.13 Primary Radar Split Probability.- The radar data shall be processed
to yield no more than one output message per target per radar scan 39 percent
of the time.

3.4.1.14 System Data Delays.- Data transmission delays as specified herein
shall be attained under peak capacity conditions of 3.4.1.8 and 3.4.2.4,
assuming the user configuration of paragraph 3.5.13(i), and are referenced to
antenna azimuthal position relative toc a target at antenna peak of beam.
Targets with an RCS below im? are exempt from this requirement.
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{a) When operating without Mode S5, the ARSR-4, including Beacon Target
Processor (BTP) data, overall data delay from anterma peak of beam
to target report available at the input of the modems shall rot
exceed 1.5 second.

{b) Wher. cperating with Mcde 5, the RRBR-4 data delay from antermna
peak of beam to the target report message sent to the Mode S
system shall rnot exceed @.3Y seconds. The combined Mode S5/RRSR-4
delay from the anterma peak of beam to tarpet report transmission
to the ocutput port(s) shall not exceed 1.5 seconds. This shall be
based on the Mode S processed data being sent to the editor
function by the Mode 5 within 1.4 seconds after the anterma peak
of beam on target. In the event that any Mode S data is not sent
to the editor within 1.4 seconds, the report transmission delay
shall be allowed to increase proportiorately beyond the 1.5
seconds specified.

2.4.1.15 Primary Radar Freguency.- The radar shall be capable of operating
and meeting the requirements specified herein over the entire frequercy range
of 1215 to 140@ MH=z.

2.4.1.15.1 Tunability.~- The ARSR-4 shall meet the criteria for tunability
and for frequency spectrum capability stated in "Radar Spectrum Engineering
Criteria" of the NTIA "Marual of Regulations and Procedures for Federal Radic
Frequency Management". The radar shall normally operate on one or two
assigred frequencies, but have the capability to change frequencies on a
pulse-to-pulse basis (frequency-hopping) on at least 1& discrete frequencies
distributed across the allotted fregquerncy band. It shall alsc have the
capability to determine the quietest of the 1€ frequencies and transmit the
next pulse cn that quietest frequency. If time does not permit the guietest
frequency selection on a pulse-to—pulse basis whern using high Pulse Repetition
frequercies (PRFs), then quietest freguerncy selection shall be on a batch-to-
batch basis during those periaods implementing the high PRFs. The automatic
selectiom in any frequency-haopping mode shall be pseudo random, so as not to
reduce the Pd by more than 18 percent of the unsquinted Pd due to missed
azimuth if the radar beam squints in azimuth with changes in frequency. R
pseudo~rarndom batch mode which maintains clutter performance in the frequency-
happing cperation shall alsc be provided. The selection of any or all
discrete frequencies and all modes of frequency operation shall be field
selectable in at least three separate azimuth adjustable sectors or over the
eritire 360 degrees. When there is nonsynchronous interference present that
has power levels within the rarnge specified in Appendix B of this
specification, the Pd requirements do not apply when the ARSR-4 is in the
frequercy-hopping mode of operation. The frequencies for each system shall be
provided by the Bovernment 120 days prior to system delivery to the site.
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2.4.1.18.2 Spectrum Engineering Criteria.~ The requirements of the Manual of
Regulations and Procedures for Federal Radioc Frequency Management, Paragraph

5.3, as issued by the NTIR, MIL-STD-461 and MIL-STD-4€° shall apply to the
radar system (receive and transmit) described herein. In the event of any
conflict between MIL-STD-4€1, MIL-5TD-4£9, Manual of Regulations and
Procedures for Federal Radic Frequency Management, and this specification, the
most stringent requirement shall apply.

3.4.1. 16 Primary Radar Jam Strcobe Reporting.- The ARSR-4 shall provide the
capability of reporting jam strobes as described in 3.5. 8.

3.4.1.17 Weather Data Output.- A weather data processing function shall
provide three threshold levels of weather contour data for air traffic control
use and an analog weather data output for the RRWDS. Weather data shall be
provided as specified herein and shall be reported cut from the ARSR=4 in
range and azimuth. Weather reports shall not be outputted statified in
elevatiaon.

3.4.1.18 Remote Monitoring Subsystem (RMS).- A subsystem of the Remote
Maintenarnce Monitoring System (RMMS) shall be a functional part of the radar
to enable remcte monitoring and contreol of all necessary and applicable
functions of the radar equipment. This subsystem is called the Remote
Monitoring Subsystem (RMS). The RMS shall be embedded in the radar and shall
have the following operational capabilities recessary for unattended
aperation:

(a) Monitor and alarm

{b) Remote contral

(e) Performance certification

(d) Diagrizstics

{e) Remote (field) adJustmeﬁt and selection

3. 4.5 Beacor System Performance.- The contractor shall provide a ETP that
will meet the requirements in the following subparagraphs. The beacon system
shall be capable of ocperaticn when the dedicated ARSR-4 primary radar is

"o«f f", or has failed in any form, allowing the beacon only target data to be
provided to the users. With the exception of anternna rotation failure, ne
single failure shall cause the loss of both primary and beacon data.
additionally, Mode 4 equipmernt as described in 3.5.22 shall be provided. The
contractor shall assume a beacon interlace sequence of Modes 3/R, &, 3/R, C in
meeting the reguirements of the following subparagraphs. The ARSR-4 shall
alsoc be capable of providing the following requirements, via site adjustable
features, in the event that the interlace sequence is altered as specified in
3.5.8.1.17.
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3.4.2.1 Transponder Replies.- Aircraft transponders now in use have a
variety of capabilities. A given transponder may respond to Mode 3/A only;
Modes 3/& and C; Modes 3/A and 2; Modes 3/A, 2, and C; and Modes 3/4, 2, C,
and 4. Future civil transponders may be required to respond to Modes 3/A and
C at 2 minimum. A properly operating transponder on an aircraft which is
within the beacon radar’s normal coverage may, on occasion, fail to respond to
a particular interrogation. Among the reasons for this characteristic of the
beacon system are aircraft maneuvers, transponder dead time because of another
interrogation, and transponder lockout because of an excessive number of
interrogations. These effects cause the probability of an aircraft reply to a
given interrogation to be less than unity. This probability is termed the
round reliability and shall be assumed to be 0.76 at the input to the BTP for
all performance requirements. Round reliability shall refer only to complete
reply trains (24 psec), and the missing replies shall be assumed to be
uniformly distributed within each aircraft’s seguence of replies.

3.4.2.2 ATCRBS Performance.~- The Mark X [Selective Identification Feature
(SIF)] Beacon System shall meet the requirements Ior beacon system performance
as stated in this specification, DOD AIMS 65-1000B and DOT FAA Order 1010.51A.
In the event of conflict among these specifications, the order of precedence
shall be: DOT FAA Order 1010.51a, DOD AIMS 65-1000B, this specificatiomn. The
Mark XII1 component of the beacon system shall meet the reguirements included
in DOD AIMS €5-1000B and those stated herein.

3.4.2.3 Probability of Detection (Pd).- Baged on the interlace sequence
specified in 3.5.9.1.17, the minimum acceptable Pd shall be as follows
(subject to the false report criteria specified in 3.4.2.11):

Primary And
One Secondary

Interrogations Primary Mode Mode All Modes
Per Primary Mode Onlv Responding Responding Responding

4 not applicable 0.45 0.90
6 0.70 0.84 0.97
8 0.90 0.95 0.99
11 0.97 0.985 0.995
15 0.99 0.995 0.998
23 0.995 0.997 0.999

NOTE: Unless otherwise specified, these requirements shall be met over the
full range of the system.
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3.4.2.4 Capacity.- The beacon subsystem of the ARSR-4, including the Mode 4
processor, shall provide data messages consisting of the following:

(a) A peak of at least 800 beacon targets per scan.
(b) A peak of at least 400 beacon targets in a 90 degree sector.

(e) A short term peak of at least 20 beacon targets in each of three
contiguous 1.2 degree sectors.

(d) A sweep [one Pulse Repetition Time (PRT)]) peak of 60 beacon
targets in 2 single beacon radar sweep, not including 30 replies

from fruit.

(e) A range distriburion peak of 4 beacon targets within a 4.5 nm
interval (excluding O to 5 nm range interval from the site), not
equally spaced.

3.4.2.5 Range Resolution.- When two or more beacon targets are at the same
azimuth but separated by any range in excess of 0.7 usec (344 feet), each
target shall be detected and reported without its range and azimuth accuracies
being degraded. In addition, these target reports shall be subject to the
same split rate limits specified in 3.4.2.9. The codes of the targets shall
be validated and accurate (in accordance with 3.4.2.10) whenever the range
separation of the targets are such that their code and/or framing pulse
positions overlap (at the 50 percent amplitude points) by 90 nanoSeconds or
less.

3.4.2.6 Azimuth Resolution.- At least 95 percent of the time, the BTP shall
resolve two detected, stationary and identical targets which are within

0.0576 nm of each other in slant range and which are separated by an absence
of beacon replies (with decoded ranges which are within that 0.0576 nm
interval) for 18 beacon radar PRTs. Two detected 11l hit-per-mecde,
noninterferring, stationary or moving targets which are within 0.05 nm of each
other in slant range and have at least one distinguishing characteristic shall
be resolved at least 99.5 percent of the time. This requirement shall apply
up to and including the condition of contiguousness (adjacent in azimuth with
no intervening beacon radar PRTs). Distinguishing characteristics shall
include different Mode 2 or Mode 3/A codes (including X pulses) and Mode C
altitudes that differ by more than 100 feet.

3.4.2.7 Range Accuracy.- The BTP shall report at least 98 percent of all
detected stationary targets at their correct slant ranges, plus or minus

1/32 nm. At least 95 percent of all moving targets with radial velocities of
700 knots or less shall be reported at their correct (average) slant range,

plus or minus 1/16 nm.

-26-
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S.4.2.8 Azimuth Accuracy.— The BTP shall report at least 80 percent of all
detected stationary targets at their correct azimuths, plus or minus

0. 17¢ degree, when the associated beacon radar is interrogating at ten times
per degree of the anterma’s rotation.

S.4.2.9 6plit Reports.- The BTP shall rot generate more than one beacon
target repocrt 9%2.5 percent of the time from a single airecraft’s beacon reply
sequence which is in respornse to interrcpations from the associated beacon
radar. This shall apply to any aircraft with a velocity (in any direction) of
2,208 knots or less evern if the transponder’s reply jitters in time by as much
as £50 nanoseconds about its nominal range, providing that it has a discrete
Mode 3/R code.  For aircraft without the discrete Mode 3/R capability, no more
than 1.0 percent of their reports shall be split reports.

3:4.2.18 Code Validation and Accuracy.- The BTP shall validate (3.5.9.1.8)
the beacon code informatiorn as contairned in the aircraft’s reply for Modes 2,

3/R, and C [including Special Position Identification (SPI) and X pulses] at
least 99 percernt of the time when the rnumber of actual hits received per mode
is 11 or greater. Wher the actual number of hits per mode is 15 or more, the
codes shall be validated at least 98 percent of the time. Validation of
incorrect codes (due to fruit or other causes) shall occur less than 1.0
percent of the time. The validated cocdes shall be accurate at least 99 times
cut of 100,

2.4.8.11 False Reports.- The BTP shall produce no more than four false
target reports per scan. This is an coverall requirement and shall be met in
the steady-state fruit condition of 2.4.2.12 herein, with any or all target
conditions permitted herein, ather than a mix of aircraft in which the number
of rondiscrete Mode 3/R aircraft exceeds 3@ percent of the total of beacon—
equipped aircraft. In additicn, the BTP shall detect and report civil
emergercy (Mode 3/R codes 75@Q, 7600, and 770Q@) and military emergency (four
code trains in trail) in a marner so that no more than one false emergency
report is reported per 48 hours, averapged over a 3@—day period during these
same comditions,
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3.4.2.1% Fruit Rates.- The aircraft’s beacon transponder often radiates a
reply in response to an interrogation from another ground or airborne beacon
radar interrogator. These fruit replies are not in response to the local
beacon radar's interrogations and, hence, can be a major source of
interference with the desired replies. Further, the fruit replies can arrive
at any anterma azimuth via the beacon antenna's sidelobes. They can also
arrive at any range because, generally, they are asynchronous with respect to
the beacon radar. The number of fruit replies may vary from zero to the
maximums listed below as a function of time or antenna azimuth or both with a
random distribution in range and a uniform distribution in azimuth,

{a) Steady-state maximum: 2@, 02 non-Mode 4 fruit replies per
second.

(b 182 degrees sector peak: 4@,02@ non-Mode 4 fruit replies per
second.

{c) Mode 4 fruit rate: 30,000 Mode 4 fruit replies per second.

2.4.2.13 Target Processor.- The BTP shall meet the above requirements for
beaccn target returns consisting of replies with the specified round
reliability of 9.76 from a transponder with capabilities in Modes 2, 3/R, and
C which is in the presence of the fruit density specified in the table belaw.
The ETP shall use all replies from the beacon target, including Modes 3/R, 2
and C replies, in any combinatiom, in the target detection process. The
detection modes shall be site selectable, erabling target detection to be
based on any beacon mode, or modes, recieved such as Modes 3/R, 2, or Cs or
any combination therexf. The fruit rates in the following table shall be used
tc establish the beacon performance specified in the applicable paragraph. At
least eight of the 14 possible information cocde bits shall be set in each of
the fruit replies. Multipath affects will rnat be considered in meeting these
performance requirements.

Beacon Performance Applicable Fruit Rate
Reguirement Paragraph Description Parangraph
3. 4.2.3 3. 4.2, 12(a)
3.4.2.5 .42 12(Q)

3.4.2.6 Ne Fruit Rate At A1l
S 4.2.7 3.4.2.12(b)
3. 4.2.8 S b2, 12(0)
3.4.2.9 3.4.2.12(D)
3.4.2.10@ 3. 4.2.12(a8)
3.4.2.11 3.4.2.12(8)

Mode 4 performance S.4.2.12(0)
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3.4.2.14 Bearon Radar Equipment.- The BTP shall operate correctly with any
of the following beacon radar equipments:

(a) ATCBI-S Beacon Interrogator
(b) FR-S54Q9 Beacon Test Set
(e) Ragdar Beacon Performance Monitor (REPM)

(d) Mode S (when in the backup mode of operation specified in
3.5.18.6)

{e) Mode 4 Computer (KIR-1B or KIR-1L) and Interface Device (KB-84(C)

3.4,.2,15 Mode 3/R and Mode C Mapping.~- It shall be possible to blank targets
in 24 range and azimuth sectors (5 rm and S5 degree increments). Targets
reporting with Mode 3/R and Mode C replies are deleted from the USAF message
data in those azimuth sectorsi however, those tarpgets shall not be deleted
from the FRAA message data. Emergencies (7500, 7600 and 7700) will not be
deleted.

3.4.2 Availabilitv/Reliability.- The availability/reliability requirements
apply to the entire ARSR-4 system (all Contractor Furnished Equipment (CFE)
delivered to the field site) furnished by the contractor and excludes primary
power and EIE.

3.4.3.1 Reliability Reguirements.- The reliability shall be stated in terms
of specified Mean-Time-Between-Critical Failure (MTBCF) (Mission Reliability)
and Mean-Time-Betweer~Failure (MTBF) (Basic Reliability) in hours, The
equipment configuration, reliability models, and reliability requirements for
individual equipments or groups of equipments shall be determined and
apportioned so that the reliability requirements specified below are
satisfied:

{a) The failure of any LRU shall not affect the performance of any
other LRU.

(b) With the exception of the antemna rotation interruption (3.4.3.1.1
unscheduled, 3.4.4.1 scheduled), no single ARSR-4 failure shall
result in degradation or loss of both search and beacon data.

(c) Provision of power to LRUs or removal of power from LRUs shall not
affect the performance of other LRUs,

{d) The equipment shall be selected so that it meets the specified and
apportioned reliability requirements while alsc meeting the
specified performance requirements at minimum life cycle costs.
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3.4.3.1.1 Mission Reliabilitv.— The ARSR—4 shall achieve a mission MTBCF of
1508 hours under the worse case environmental conditions specified herein.
MTBRCF is defined as the total ARSR-4 uptime divided by the number of critical
hardware, software, and firmware failures that degrade Full Mission Capability
(FMC). Failures due to incorrect instructions in the ARSR-4 technical
documentation shall also be counted as relevant failures. FMC is that level
of performance which allows the ARSR-4 to perform its mission within all the
requirements of this specification including the Local Display Console (LDC),
BTP, RMS, Built In Test Equipment (BITE), Mcde 4, and radome. The RMS and
radome must also meet, by themselves, the reliability requirements of
32.5.15.8.9 and 3.4.3.1.5 respectively. Errors/failures shall not be counted
in the MTBCF calculations if the system performance is fully recovered within
108 msec of the initial fault alarm (3.5.15.8.8.1.1J. 1In addition to the.
abave requirement of which the antenna is included, critical failures of any
ARSR-4 hardware cr software, or both (whether a part of the antermna or not)
that result in the antenna rotation being interrupted as a direct result of
the failure or in order teo correct it, or both, shall have a MTRCF equal to or
greater than 8766 hours. The MTSCF requirement is to be met under the
maintainability requirements specified in 3.4.4.

3.4.3.1.2 Basic Reliabilitv.~ The RRSR-4 shall achieve a series
cunfiguratiorn Mear—Time-Betweer-Failurei as determined by the reliability
modeling, allocation arnd prediction specified in the ARSR-4 Statement OFf Work
{(30W) 5 that will provide the specified MTBCF and operation availability within
the specified allowable site visits (3.4.4.1.1) under the worse case
environmental conditions spacified herein. However, in no case shall the
series configuraticon MTBF be less thanm 120 hours. The series configurationm
MTEF is defined as the total ARSR-4 uptime {rwt including EIE) divided by the
total rumber of hardware, software, and firmware fallures that require
correct ive maintenance action. Failures due to incorrect instructions in the
ARSR-4 technical documentation shall also be counted as relevant failures.

2.1.3 Reliabilitv Design Requirements.— Design criteria and guidelines

1 be developed by the contractor for use by ARSR-4 desigrers as a means of
e

1

ving the required levels of reliability requirements for the ARSR-4 and
irclude the fxllowing:

(aj The ARSE-4 shall automatically protect each major assembly, LRU,
and subsystem from failures irduced by improper operation or
Failure of any other ARSR-4 assembly, LRU or subsystem, or any
external device commected to the ARSR-4 or communicating with it.

-3~
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Error detection circuitry shall be implemented in processors,
memories and their intercormnections such that the estimated mean
time between errors not detected within the computer subsystem is
greater than 20,082 hours. The ARSR-4 shall also have the
capability to detect double memory errors, and detect and correct
single memory errors for each Random Rccess Memory (RAM) memory
location that stores executable code. Digital messages sent
betweer subsystems shall conform to a standard protocol (e.g.,
ADCCP), and their integrity shall be protected by byte parity
encading or better technigues.

The error detection and recovery procedures shall be such that
errcnecus data produced directly or indirectly as a result of
detected errors shall not leave the computer subsystem.

The primary copy of the system’s software instructions and
constant data resident in memory shall be protected from being
accidentally overwritter. If normal system cperation or recovery
procedures require the copying of such data, all such copies shall
be checked against the ariginal by direct comparison or by other
equally effective means.

The ARSR-4 design shall permit detailed fault diagnesis (3.35.15),
replacement of any of its LRUs mounted in nonrotating equipment,
and verification of proper operation after repair, without
degradation ¢r disruption of the ARSR-4's normal service.

Recovery procedures shall be implemented such that any noncritical
failure results in the reconfiguration of the system as necessary
te achieve correct operaticm at full capacity. Recovery
procedures shall be such as to preserve critical surveillance data
and any other critical information which cannct be reproduced by
rnormal ARSR-4 cperaticor within the recovery time. (This shall be
true even in the case of memory failure.) The maximum time to
complete such reconfiguration shall be 102 msec. The
reconfiguration time shall be measured from the time of the
initial fault alarm (3.5.15.8.8.1.1) to the time that good data is
available at the outputs of the ARSR-4 system.

Failure detection shall be performed on units regardless of their
state, i.e. active (on-line) or backup (off-line). In the case of
failure of a redundant off-line unit, action shall be taken to
make that urit uriavailable to the system within 12@ msec following
verification of the alarm (3.5.15.8.8.1.1). In the case of
failure of an or-line unit that has redundant back-up, the
recovery action shall make that or—line failed unit unavailable
and restore the system to full performance within 108 msec of the
initial fault alarm.
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(h) The ARSR-4 shall allow switching of input and ocutput interfaces to
accommodate the use of redundant units in related external
subsystems and systems where available.

(i) Notification of the failure of any unit shall be available at the
RMS ocutput within the time period defined in 3.5.15.8.8.1 and
3.5.15.8.8.1.1.

{J) The ARSR—4 shall meet the requirements of 3.6 in the event of
partial or complete loss of line voltages.

3.4.3.1.3.1 Thermal Management and Derating.- Thermal management (design,
analysis, and verification) shall be performed by the contractor such that the
reliability quantitative requirements are assured. RADC-TR-82-172 shall be
used as a guide. Derating criteria shall be established for each design such
that all parts used in the ARSR-4 are derated to achieve reliability
requirements. As a minimum, Level 3 of AFSC Pamphlet 8@0-27 shall be used for
this designr.

3.4.3.1.4 Reliability Definitions.- Reliability terms shall be defined in
accordance with MIL-STD-721 and MIL-STD-781 unless specifically modified
herein. In the event of conflicts of interpretation, the definitions
centairned herein shall have precederce, followed by the "Definitions” and
"Failures Categories" requirements of MIL-STD-781 and MIL-5TD-721 in that
order.

2. 4.2.1.5 Radome Reliability.- The MTECF of the radcme shell shall be a
minimum of 175,200 hours. The radome shell MTBCF does not include factors
that are external to the radome shell such as ancillary equipment failure.
The lightning protection subsystem and obstruction lighting subsystem shall
have an MTBCF commensurate with the requirements of FRA-STD-@1% and AC
72/746@-1. Redundant obstruction lighting shall be used at all sites in
accordance with AC 7@/7460-1.
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3.4, 2.2 Availability.- The availability of the ARS5R-4 shall be consistent
with the requirements presented hereirn and with the reliability and
maintainability requirements of 2.4.3 and 3.4.4 , respectively. In computing
availability full allowance shall be given to the routine employment of
redundancy, excess capacity, and backup modes of cperation to maintain -
pcontinuity of system performance. Switch-over time for redundant units must
meet the requirements of 3.4.3.1.3.

The ARSR-4 shall provide an Operational Availability (RAs) of at least
2.39742. The operaticnal availability (Ro) of the ARSR-4 is defined as the
probable fraction of total time, on a year-round basis, that the radar system
will be found in an "up" condition. Therefore, the Re is:

{(Total Time - Total Dowrntine)

Ro =
Total Time

This definition applies to the combined corrective and preventive maintenance
for the ARSR-4 radar system and includes respornse time (3.4.4.1), but
specifically excludes site equipment extraneous to the radar, e.g., prime
power and EIE. The availability requirements shall be met in conjunction with
the maintainability requirements of 3.4.4.

Z.4.4 Mairtainability.-

3.4.4.1 Maintairability Quantitative Requirements.- The ARSR-4 System shall
be desigred to achieve a mean time to repair (MTTR) to the LRU level of ro
greater than 32 minutes and a maximum—corrective-maintenance-time (Mmax(@))
of riot greater than 92 minutes at the 95th percentile for on—equipment
maintenarice (MTTR and Mmax (@) are defined in MIL-Handbock 472). The Mean—
Time-To-Restore-System (MTTRS) shall rot exceed 3@ minutes. The bearing(s)
and gear(s) in the pedestal shall be replaceable at the site in a maximum time
of four hours at the 93th percentile.

S.4.4.1.1 Corrective and Preventive Maintenance.- The ARSR-4 system shall
require mo more than 10 site visits per year for all corrective (nor—critical
failures) and preventive mainternance combined (includes beoth scheduled and
unscheduled maintenance), irn addition to the site visits required to correct
critical failures. During the visit to correct critical failures, other
mainterance (corrective and preventive) can be performed. The Operational
Availability (Ra) shall be based cr a response time (time from fault
indication by the RMS to arrival of a technician on site) of 2 hours for
critical failures. The response time for all other site visits shall be
established by the conmtractor, but in no case be less than 48 hours. No more
than 4 of the 10 site visits specified above shall require an outage.
Corrective or prevemtive maintenance, or both, (other than for critical
failures) that will result in an outage of the ARSR-4 system must be scheduled
{at least one week advance rwotice), shall be performed no more frequently than
every 91 days, and shall not exceed 2 hours outage per visit at the S@th
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percentile or six hours per visit at the 99th percentile. Thus, the total of
all outages, in addition to those required for critical failures, shall not
exceed 8 hours per year at the 3@th percentile. The maximum scheduled
downtime per year for maintenance actions on any ARSR-4 hardware or software,
or both (whether a part of the anterma or not), that result in the anterma
rotation being interrupted shall be no greater than 5 hours per year. Qff-
site repair of failed LRUs, which includes isclation and repair to the part
level, shall have a MTTR (socmetimes referred to as mean bench repair time) of
no greater than one hour, using the support and test equipment determined by
the logistic support analysis specified in the SOW. Site visits for the above
menticred two hour scheduled outages shall nct regquire more than three persons
to perform the corrective or preventive maintenance, or both. Except for
these visits for the twe hour scheduled outages, visits to perform corrective
maintenance for critical failures, corrective maintenance for noncritical
failures, preventive maintenarnce, aor any ccmbination of these maintenance
actions shall only require ome person. Preventive maintenance shall be
required no more frequently than once every 91 days and shall require no more
than a total of 25 labor hours per year. The maximum labor hours for the
combinatisn of on-site corrective and preventive maintenance shall not exceed
S@ hours per year, excluding travel time.

3.4.4.2 Mainternance Actions.- It shall be possible to perform corrective or

preventive maintenance, or both, on any LRU or several LRUs without degrading
the performance of cther units.

2.4.4.3 Maintainability Design.- The design of the ARSR-4 System shall
provide modularity, easy accessibility, built-in-test (BIT) and other
maintainability features to provide installation simplicity, ease of
maintenarce and the attainment of the maintainability requirements (both
corrective and preventive). LRUs such as printed circuit boards or assemblies
shall be replaceable without cutting or unsoldering cornnections. All plug in
LRUs shall be mechanically keyed/coded for correct insertion.
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S.4.4.,4 Testability.- The contractor shall partition the ARSR-4 system to
achieve the fault isclation requiremerts specified herein., Each LRU shall
have sufficient test points for the measurement or stimulus of internal
circuit nodes to achieve the capability of detecting 102 percent of all
permanernt failures at the site. Automatic monitoring and diagrostic
capabilities shall be provided to show the ARSR~4 status (operable,

inoperable, degraded) and to detect at least 38 percent of all failures and
correctly isclate at least 99.9 percent of all detected failure faults to a
group =f no greater than 8 LRUs, 395 percent of all detected failure faults to
a group of no greater tharn three LRUs and B85 percent of all detected failure
faults to no greater than one LRU. False reporting of failures shall not
csceur more frequently tharn ornce per year. BIT shall report the occurrence of
each detected failure to the RMS within the time pericd defined by
2.5.13.8.8.1 and 3.5.15.8.8.1.1. ARutomatic fault isclaticr may require remcte
marmal initiation but shall be considered terminated when human interpretation
of fault codes, fault signals, fault tree, meter readings, or similar aids is
required to continue the isolation procedure. BIT shall report the results of
fault isclation to the RMS after completion of the automatic diagnestic
process as specified in 3.35.15.8.& (b).

3.4.5 Useful Life.-~ The ARSR-4 shall have a useful life of at least 2@
vears. Any nonconsumable configuration items and units produced for the
ARSR-4 shall be desigred to function properly for the 2@ year period under
mission aperating conditions for 24 hours per day, seven days per weesk with
downt ine for corrective and preventive maintenance as defined for reliability,
maintainability and availability requirements in this document.

-

2.4.5 Ervirommental Conditions.- All equipment shall meet the specified
performance requirements in the natural and induced environments described
below. Equipments shall be desigred and constructed to meet the service
corndition requirements of FRA-G-21@@ as to storage and exposure in both
aperating and nonoperating configuration except as specified herein.

S3.4.6.1 Climatological, -

Z.4.6.1.1 Ambient Temperature.— Equipmernt to be installed inside fixed
facilities shall be designed and constructed to operate within specified
performance at indoor operating ambient temperature up to S@ deprees C
(Celsius) and down to -1@ degrees C.

Equipments to be instalied and operated in the external environment and in the
radome shall be desigred to be capable of specified performance under the
combined effects of temperature, solar loading and equipment heat dissipation.
The thermal design shall be based on an ambient temperature external to the
radome of -5@ degrees C to +5Q degrees C plus a sclar radiation of 1150 Watts
per m for six continuous hours.
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3.4.6.1. 2 Relative Humidity.- The relative humidity to be used in the design
and construction of the ARSR-4 shall be as specified in FAA-G-2188.

3. 4,6.1.3 Altitude.- All ARSR-4 equipment shall be desigred and constructed
for storage and exposure at altitudes up to 36,000 feet MSL and for operation
ir altitudes up to 1Q@,000 feet MSL without pressurization (except for
waveguide).

2.4.6.1.4 Rain.- All sutdoor equipment shall be designed and constructed for
storage, exposure and operation in rainfall rates of up to 102 mm of rain per
haur without any sign of leakage or moisture penetrationm.

3.4.€.1.5 Corrosive Salt Atmosphere.- All equipment shall be desigrned and
constructed for storage and operation during and after being exposed to a salt
atmosphere with a sea spray aerosol concentration of 3@ micrograms per eubic
meter ~f air. BSalt water immersicn shall not be a requirement.

3.4.6.1.6 Winds.- All external equipment shall be designed and constructed

for operation, storage, and exposure to winds up to 115 mph plus gust factors
sf 1.6 (this does include the antenna (nonocperating) with the radome removed]
as measured at 33 feet above ground level.

3.4.6.1.7 Fungus.- All equipment shall be desigred to be operated and
maintained using fungus-inert materials as stated in FRA-G-2100.

3.4.6.1.8 Snow and ice Loading.- All external equipment [including the
anterma (nonoperating) with the radome removed] shall be designed and
constructed for operation, storage, and exposure to snow depths of 48 inches
with a dead load of 20 pounds per square foot average and 4@ pounds per square
foot peak and to ice thicknesses of at least & inches. :

2.4%.6. 8 Electromagretic Envircorment.- The ARSR-4 shall be designed in
accordance with the criteria in 3.8.2.5.
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2.4,7 Trangportability.- All assemblies, subassemblies, or units shall, in
their packed-for—-shipment configurations, be capable of being transported via
common surface or air transportation equipment irn accordance with the design
requiremerts of AFSC Design Handbooks 1-2 and 1-11. GSize, weight and physical
characteristics shall be such as to not exceed the limits contained in AFR 8@-
18, except where degradation in performance would occcur as in planar array
madules,

Particular atterntion shall be paid during the desigrn and manufacturing phase
to insure that the equipment and units are not degraded by movement via truck
over unpaved roads.

Unitized transport loads shall withstand the shocks and vibrations encountered
in transportation while prepared for delivery as specified in Section 5 of
Chapter S of the AFSC Desigrn Handbook 1-2 with no part becoming permanently
warped, deformed, damaged, or loosened, and with ro permanent degradation in
performance or useful life as a result of being subjected to the following
conditions:

{a) Shocks of the type, intensity and duraticon to which the equipment
may be subjected during transport. These conditions include
loading and unloading from a truck, aireraft, helicopter, ship or
barge.

(b} Vibrations having sinuscidal resonance and cyclings as normally
encourntered in:

(1) Travel on trucks over rough terrain, pgravel roads,
unimproved roads, or packed snow.

{2 Shipmernt by aircraft, helicopter, ship or barge.
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3.5 Functional Design Reguirements.- The functional design requirements of
the ARSR-4, as defirned in this specification, shall be met by the contractori
however, detailed implementation architecture shall be left to the
contractor’s discretion. For example, the BTP or message formatting function
. could be partitioned into several processors if appropriate.

Due to the physical characteristiecs of some of the ARSR-4 sites, the ARSR-4
shall be designed in such a marmer as to accommcdate the equipment building
outer wall and the base of the tower being separated by as much as 3080 feet.
The comtractor shall take into consideration all losses due to this
characteristic and accommodate any factors resulting for this separation.

The ARSR-4 design shall be stardardized for all systems delivered. With the
exception of the scoftware site adaptation parameters, system adjustments and
aligrmerts, and site-unique installation items such as conduit, ductwork, and
cable lengths, all systems shall have the same identical hardware LRUs and
software modules configuration so that any system delivered te the Government
could be relocated and/or installed at a different ARSR-4 site without any
additions to the configuration. The ARSR-4 shall be designed and delivered in
such a way that only changes to the site adaptation parameters and system
aligrment and adjustments for site specific environmental tailoring are needed
_in the configuraticn when the system is moved from one location to another.
Figures 3-& and 3-3 are functional block diagrams showing both the functional
relationships between the subsystems of the ARSR-4 and the functional
relationships of the ARSR-4 and the EIE. Rlthough two separate block diagrams
are shown, one is for the ARSR-4/Mode S and one of the ARSR-4/ATCBI-S cases,
only one model of the ARSR-4 is permitted that will interface with either

Made S or ATCBI-S. These figures do not imply any preferred physical block
diagram and are only included te aid the comtractor's understanding of the
functional relationships required. For example, the editor shown in the same
block with the formatter could physically reside with the scan to scan
correlation at the contractor’s discretion.
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3.5.1 Radome.- The radome (CFE) will be mounted upon the platform deck of
the antenna tower. All requirements specified in this specification shall
take into account any effects induced by the radome. The radome shall provide
an environmental enclosure at L band (1,000 MHZ - 1,400 MBZ) for the ARSR-4
antenna (3.5.2) with zero, one, or two phased array beacon antennas (3.5.2.1)
mounted, and it shall be capable of withstanding the envirommental conditiomns
described in 3.4.6. The radome shall have an inside diameter of sixty feet
maximum at its widest point. The radome shall not degrade the operatiomal
performance of the Mode S or ATCBI-5 systems. The radome, with the primary
radar installed, shall zllow (without radome removal) the installation or
replacement of the beacon antennas. The radome shall be entirely nonmetallic
(except for fasteners) and be attached at the base to the tower platform.

The radome shall be an oblate spheroid or spherically shaped structure that
provides optimal protection of the enclosed antenna assemblies from the
outside environment. This radome is supplied as a complete assembly that
includes a lightning protection subsystem, aircraft obstruction lights, access
hatches, and a2ll ancillary devices or units necessary for radome cperation and

maintenance.

3.5.1.1 Major Unit List.- Each radome shall be complete and in conformance
with all specified requirements, and shall include, but not be limited to the
following items:

(a) Radome (with airleck and equipment hatch(s) as necessary).

(b) Lightning protection assembly

{e) Aircraft obstruction light assembly

(d) Repair kit and maintenance items

(e) Ancillary equipment

(f) Zenith hatch assembly

(g) Service hatch

(h) Catwalk access hatch

(i) Interior safety ladder

(3) Interior block and tackle assembly

(k) Crown vent. If, in order to meet the temperature stratification
requirements of paragraph 3.5.1.2.7, the crown vent needs to be opened

and closed, then remote actuation provisions via RMMS shall be provided.

(1) Snow rope
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3.5.1.2 Phvsical Characteristics.-

3.5.1.2.1 Internal and External Surfaces.- The radome shall provide weather
effects resistance such that weathering will not preclude the radome from
obtaining its 20 year service life. The radome exterior surface shall retain

its hydrophobicity throughout this service life. The radome shall be in
compliance with the weathering requirements of ASTM-G-53-84.

3,.5.1.2.1.1 Water Penetration.- There shall be no water, water condensate or
moisture penetration or absorption into any radome wall, laminates,
composites, thick wall comstruction, unit or subunit of the radome.

There shall be no water or moisture penetration through any radome panel or
other structure joints throughout the 20 year specified service life of the
radome. Wall comstruction shall be non-water absorbent such that if radome
damage shall occur the exposed wall edges chall not absorb water more than
that amount permitted in passing the quality assurance provisions of this
specifications.

3.5.1.2.1.2 Hydrophobic Surface.- The exterior surface of the radome
electromagnetic window exterior surface shall be hydrophobic in the context of
being non-water filming (non-sheeting) at water contact angles as measured on
contact angle viewers as required by the quality assurance provisions of this
specification. The radome shall incorporate an integral 20 year service life
hydrophobic (non-sheeting) surface not subject to peeling, delamination of
wall construction, or rapid erosion. “The surface shall not erack, craze or
delaminate over a 20 year exposure wWith extreme temperature ranges specified
in 3.4.6 and under severe environmental conditions including ultraviolet
light, ozones, salts, acids, and alkalines. These requirements shall apply
both prior to and subsequent to conduct of the advanced weathering tests.

3.5.1.2.1.3 Protective Coating.- The radome exterior surface shall be
impervious to ultraviolet light or other environmentally caused deterioration
throughout its 20 year service life without any requirement to resurface,
recoat or paint the surface. The protective coating material shall be
permanently bonded to any sub-surface material in a nondelaminating fashion
with a 20 year or longer bonding permanence.

3.5.1.2.1.4 Solar Radiation.- Regardless of its color, the radome shall
possess solar reflective qualities such that the solar admittance factor F,
shall not exceed 0.12 using the formula FA = 'I’s + 0.2 A. (Ts is solar
transmittance and "A" is absorptance).

3.5.1.2.1.5 Ice or Snow Adhesion.- The radome exposed surfaces shall exhibit
2 measurable ice adhesion of less than 10 Pounds per square inch shear at a
temperature of -5 degrees C. The radome shall be conmstructed in a manner that
minimizes the formation of rime ice by using conmstruction techniques that
provide minimal surface discontinuities.
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2,5.1.2.1,6 External Color,- The exterior color of the radome shall normally
be a shade of white. A few sites may require other colors (e.g., a light
color such as spruce green, light blue, beige, etc.) due to its aesthetic
impact to the environment. The overall ARSR-4 design shall accommodate for
the impact due to these other colors being used at these few sites. The ARSR-
4 shall operate in the envirormental conditions at all sites regardless of the
radome cclor as specified in 3,4.6. The shade of white used shall be subject
to Bovernment approval. The selection of other colors to be used at those
aforementiorned few sites shall be determined by the Government upon request by
the contractor. Deviations, subject to Goverrment approval, from the
specified total site power (3.6) shall be commensurate with the additional
cooling required due to the change in color from the nomiral shade of white,

3.5.1.2.2 Flammabilitv and Combustibility.- The radome material shall be
norflammable and noncombustible when tested to the reguirements of Federal
Aviation Regulations, Part 25.852(b), using the test methods of Part 23,
Appendix F, Part 1.

3.5.1.2.3 Temperature Stability.- Radome material shall retain its stability
throughout a temperature range of -75 through +95 degrees C.

3.5.1.2.4 Physical Stability.- Materials used in radome construction shall
demonstrate a physical stability such that movement under the environmental
extremes specified in 3,4.6 shall not cause the radome to contact the antenna
structure.

2.5.1.2.5 Snow Rope.- R stranded rope of 5/8 inch or greater diameter that
is ultraviclet light and weather resistant shall be provided for use as a snow
removal rope. This rope shall be attached to a pivot assembly at the top of
the radome. It shall be made from a material that will not produce any ill
effects to the RRSR-4 and beacon (Mode S or ATCBI-S) radiation patterns.

3.5, 1.2, 6 Aerodynamic Loading.- The radome shall be designed in such a
manner that ensures it is aerodynamically sound in terms of lift, drap,
moment, and compound stresses. The radome shall be capable of withstanding
winds from any direction and at velocities as specified in 3.4.86.

3.5.1.2.7 Thermal Temperature Gradients.- Temperature stratification within
the radome enclosed volume shall be constrained by the following temperature
gradients:

(a) The temperature difference from the antenna deck (floor) to the
center of the primary antenna shall not exceed & degrees C.

{b) The temperature difference from the antenna deck to the center of
the uppermost mounted antenna shall not exceed 8 degrees C.

Temperature stratification control is permitted by the use of radome exterior
solar reflective gualities, by radome crown venting, or both.
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2.5.1.2.8 HNameplates or Product Markings.- The radome shell shall not have
any metallic rameplate attached to its surface interior or exterior ard shall
contain nc exterior marking. Radome shells shall be marked with the required
FAR-G-Z10@ data on an inside surface 12 inches above the mounting ring by
using non—RF reflective marking.

2.5.1.2.9 Radome Air Lock.~ Air supported radomes shall contain a perscnrel
entryway/pressure lock assembly/room containing separate personnel entrance
and exit doors with pressure equalization.

3.5.1.2.1¢ Lightring Protectian.~ A lightning rod attached to the radome
zenith hatch assembly crown plate shall provide a minimum 68 degrees core of
protection relative to the antenna assemblies and shall be capable of
dissipating direct lightning strikes without radome and radar damage.

3.5.1.2.11 Aircraft Obstruction Lights.— A redundant aircraft obstruction
light assembly shall be provided and meet the performance criteria of RC
7Q/7480-1. Pemcte maintenarce monitoring of the abstruction lights will be
perforued via the ARSR-4 RMS. The assembly monitoring leads shall be routed
irr such a marmer so that the radiation requirements herein are met.

2.5.1.3 Auxiliary Equipment.~ Thin-skin, single-skin or air-supported radome
auxiliary equipment shall operate in a fail-safe mode such that automatic
contral equipment provided by the cortractor shall activate pressurization
equipment required to sustain pressurization necessary i maintain radome
integrity for the highest wind speed. The contractor shall provide
imnbzpendent ecumsvrgency equipment that ensures radome inflation for a & hour
period, Jdzsigrned For use in the event that the Government facilitiss emergency
Back—ug electrical power gereration system fails to operate. This contractor
supplied emergency equipment may uss compressed air tanks, batteries, or any
other emergency backup system that can be demonstrated as being adequate for
tre requirements. In the event of failure of wind speed detecting anrd
indicating devices, «f which 2 each shail be provided for air-supported
radomes, the fail-safe mode shall activats pressurization subsystems within a
maximum time of onme minute to provide internal air pressures necessary o
maivtair radome integrity for the highest wind speed for which the radome is
desigred. MWind cpeeds up ta 188 mph (+/-2 mph) shall be detected anrd shall be
indicatad in 2 aph increments. Wind speed indicatioms shall be macde available
to thz Maintenarce Processor Subsystem (MES) vie tha ARSR-4 RMS.

3.7.1.3.1 Remote Maintanarce Monitorirg.— Each unit of radome auxiliary
aijuipwent shall be =onitored via the ARSR-4 RMS. Norwal operation and failed
nmaration cutputs shall be provided to the ARSR-4 RME for each unit necessary

o maintain radowme integrity.

—lydy—



FAR-E-27E3b
May &, 1988

2.5.1.4 Electrical Performance Reguirements.- A1l ARSR-4 performance
requirements stated hereir shall be met with the ARSR-4 anterna installed in
the radome. The electrical performance requirements in the following
subparagraphs apply to the beacon anterma(s) radiation patierns as they are
affected by the radome. Distortion of the beacorn spatially distributed
electromagnetic radiation patterns shall not exceed these requirements.

3.5.1.4.1 Arterna Mair-Lobe Beamwidth Error.- Over the Mode S antennas’
operating frequency, the radome shall not cause the Mode S antermas® mairn lobe
beamwidth %o narrow or broaden by more than 0.25 degrees at the main beam’s
{sum) half power pcoints.

3.5.1.4.2 Boresight Error.- The radome shall not cause the direction of any
anterma pattern main beam axis to change by more than @.20285 degrees rms and
Q. 025 degrees maximum. This requirement applies to both the elevation and
azimuth planes (pointing angles throughout 360 degrees in azimuth and between
-1@ and +5@ degrees in elevation) at any antenna cperating freguency with the
anternna rotating at speeds of @ RPM through 2@ RPM.

3.5.1.4.3 Boresight Error Slope.- The radome shall not cause the rate of
charge (slope) of boresight error during any 36@ degrees of antenna rotation
{szan) at any anterna rotation rate of from zero RPM through 2@ RPM to exceed
a maximum of +/-0,05 percent. This requirement alsc applies throughout
elevation of -1@ through +5@ degrees with the anterma rotating at speeds of ]
RPM through @ RPM.

3.5.1.4.4 Differerce Patterr Null Depth Error.- The radome shall not cause
changes in the depth of the Mode S antennas® difference pattern nulls to
exceed a +@.57 dF rms and +1.7 dB maximum at a null depth of -3@ dB. This
requirement applies to both the elevation and azimuth planes (pointing angles
throughout 26@ degrees in azimuth and between -12 and +5@ degrees in
elevation) at any anterma cperating frequency with the anternas rotating at
speeds of @ RPM through 2@ RPM.

2.5.1.4,5 Sidelobe Level Error.- The radome shall not cause changes
exceeding +/-1.@ dB in the Mode S antenna pattern sidelobes at a level 25 dB
dowr: from the peak of beam for all frontal and back sidelobes.

3.5.1.4.6  Cross Polarizatiorn Ratic.— The radome shall not cause the cross
polarization ratio of the Mode S antenna to change by more than +/-1.2 dB at a
level 25 dF down from the peak of beam for all frontal and back sidelobes.

3.5.1.4.7 Transmission Loss.- Total radome two way transmission losses of
reflection loss plus atternuation loss and any other losses caused by the
radome shall not exceed 0.2 dB when the radome is in a dry condition, provided
that all error requirements are met.
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2.5.&  Radar Antenna.~ The ARSR-4 anterna shall be housed within the radome
(CFEY. The antenna beam shall rotate at 12 seconds per scan (five rpm) plus
or minus @. 1@ seconds. At all operating frequencies and all beam pointing
angles, all sidelobes in the principal azimuth plane shall not exceed -30 dB
from the peak of beam. From two to eight 3-dB beamwidths on either side of
the main beam, sidelobes shall not exceed -35 dB from the peak of beam. All
sidelobe requirements shall be met on three trial frequencies when measured on
the antenna test range specified in appendix E. One sidelobe pop-up above the
specified requirements is allowed for one of the three trial frequencies.

The aforementioned specification applies to the one way receive pattern.
Transmit sidelobes shall not be degraded by more than +5 dB from the specified
receive sidelobes at the same offset angle.

At all operating frequencies and all beam pointing angles, all sidelobes in
the principal elevation plane shall not exceed -25 dB from the peak of beam
for the ore-way receive patterrn.

At all operating frequencies and at all beam pointing angles, the sidelobes in
the intercardinal plane shall not be degraded from that specified in the
principal azimuth plane., The gain pattern shall alsoc meet the criteria for
allowable radar anterma patterns stated in Radar Spectrum Engineering Criteria
section of the Manual of Regulations and Procedures for Federal Radio
Frequercy Management. The cross polarized components of the antenna for both
the azimuth and elevation principal planes shall be at or below the level
specified for sidelobes, except that within the area of the main lobe, the
cross polarized components shall be at least 18 dB below the peak of the
associated beam.

The rnormal cperating mode for the anterna shall be linear peolarization. If it
is rnecessary to use circular polarization to achieve the required performance
in precipitation clutter, the switching between linear and circular
polarizaticns shall be done automatically by sensing when and in what areas
the detection performarnce is being degraded due to precipitation. Circular
polarization shall be automatically gated by sectors so as to encompass these
areal(s) while at the same time minimizing the use of circular polarization in
area(s) where precipitation clutter does not exist. A field adjustable
provision shall be incorporated so that precipitation clutter returns up to
any selected range betweer S and 32 nm will not result in the switching to
circular polarization. In addition, a field selectable capability shall be
provided to override the automatic circular polarization selection, so that
the ARSR-4 can be made to remain in linear polarization regardless of the
erivirarmental conditions. The integrated cancellation ratio for circular
polarization, if used, shall be adequate teo support the 15 dB rain rejection
specified in Appendix AR. If circular polarization is included, a signal path
shall be provided to permit the reception of weather returns using the
opposite sense polarization from the transmitted signal when circular
polarization is selected.
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The antenna shall possess a mechanical or electrical elevation tilt, site
selectable from plus to minus 3 degrees in elevation with respect to the
normal antenna face angle as installed. The tilt selection shall be achieved
in discrete increments not to exceed 0.10 degree per step. I1f a mechanical
adjustment is used, shimming is acceptable; however, a complete set of shims
shall be provided with each system. Compensation for tilt changes shall be
provided for the height determining algorithm om a site adjustable basis.

1f monopulse techniques are used, the sidelobes of the Sum pattern shall meet
all of the previously specified sidelobe requirements. The sidelobes of the
Difference pattern shall meet all of the previously specified sidelobe
requirements. However, the peak of beam reference for the Difference pattern
sidelobes measurement shall be the peak of the Sum beam. The beamwidth
reference for the Difference pattern shall be the beamwidth of the Difference
beam (the combined width of the two main lobes of the difference patterm).

3.5.2.1 Beacon Antenna Provisions.- All ARSR-4 systems shall be designed to
accommodate any of three beacon antemna (FAA-E-2751 for the antenna(s) only
and not those sections that specify any ancillary units such as rotary joints,
filters, cables, etc. Those other ancillary units shall be provided as part
of the ARSR-4 and shall be subject to the requirements stated herein.)
configurations without modification of hardware or software. The three beacon
antenna configurations are:

(a) Single beacon antenna, primarily for use at sites with ATCBI-5
equipment. The radiation pattern of this single beacon antenna
shall be aligned with the peak of beam of the primary antenna
radiation pattern.

{(b) Dual (two beacon antennas mounted back-to-back) beacon antennas,
for use at sites with ATCBI-5 or Mode $§ equipment. When Mode S is
used in conjunction with this configuration, the radiation pattern
of the front antenna shall be aligned with the peak of beam of the
primary antenna radiation pattern. The back antenna radiation
pattern shall be 180 degrees away from the front antenna radiation
pattern. If the dual configuration is used with the ATCBI-5
equipment, only the front antenna shall be used [excluding the
Integrated Side Lobe Suppression (ISLS) pattern] and shall have
its radiation pattern aligned with the peak of beam of the primary
antenna radiation pattern.

(c) No beacon antennas.

All primary radar performance requirements (both mechanical and electrical)
shall be met, regardless of which beacon antenna configuration is used. All
beacon antennas will be GFE, and all beacon (Mode S and ATCBI-5) and ARSR-4
requirements stated herein shall be met while operating with any of the three
beacon antenna configurations.
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The mounting provisions shall be supplied by the ARSR-4 contractor and shall
permit leveling and alignment of the beacon antennas about the three
coordinate axes over the full range of the primary radar antenna mechanical
tilt adjustments. Additionally, independent vertical tilting adjustment of

+ 3 degrees, horizontal tilting adjustment of * 5 degrees, and canting
adjustment of * 5 degrees shall be provided. All electrical/mechanical
connections between all three ports of each beacon antenna and the six ports
of the rotary joint (3.5.3.1) (e.g. cabling, filters, mounting pads) shall be
provided and installed by the ARSR-4 contractor regardless of which beacon
antenna configuration is used. The ARSR-4 contractor shall provide and
install the RF transmission line from the ATCBI-5 to the three rotary joint
ports feeding the single beacon antenna or the front beacon antenna at those
ATCBI-5 sites where (as determined by the Government) two beacon antennas are
to be mounted. RG-333 (2.1 dB attenuation per 100 feet at 1,000 MEz) or
equivalent shall be used. The beacon antenmnas shall be mounted inside the CFE
radome on the ARSR-4 antenna so that degradation of both the beacon and
primary antenna patterns do not occur and all other specification requirements
herein and in FAA Order 1010.51A, FaA-E-2716, FAA-E-2751, and FAA-E-2319 are
all achieved. The ARSR-4 primary antenna pattern shall meet the requirements
stated herein with or without the beacon antennas mounted. Mounting of the
beacon antennas shall be in such a manner as to allow ease of maintenance on

both the primary and beacon antennas.

3.5.2.2 Antenna Alignment.- The structural rigidity of the beacon antennas’
mounting provisions shall be designed in such a manner shat while operating at
5 RPM, the maximum power points of the azimuth radiated beam of the beacon
antennas shall be no more than 0.l degree from the correct position of the
maximum power point of the radiated beam of the ARSR-4.

3.5.2.3 Mutual Interference.- The contractor shall ensure that Mode S or
ATCBI-5 and the ARSR-4 operate without electromagnetic interference from each
other. If antenna location does not provide the necessary isolation between
the two systems, the contractor shall provide electromagnetic filtering,
electromagnetic shielding and signal processing to eliminate inband and
spurious emission interference. The filtering shall provide spurious
frequency attenuation and out of band rejection to the Mode S or ATCBI-5 and
ARSR-4 transmitters and receivers such that interference noise levels do not
exceed -114 dBm/MHz for 3dB IF bandwidths in the ARSR-4 receiver and

-105 dBm/MHz for 3dB IF bandwidths in the Mode S receiver. Mode S filtering
shall be installed in the Mode S transmitter transmission line and Mode S
receiver transmission lines supplied under the ARSR-4 contract. Insertion
loss of the Mode S receiver filters shall be no greater than 1 dB. Phase and
amplitude errors in the Mode S sum and difference transmission line filters
must track over time with peak to peak phase and amplitude errors no greater
than 10 degrees and 0.2 dB respectively.
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In addition to filtering, the contractor shall provide shielding of the rotary
joint and other units to prevent interference between the two systems from

other means than antenna to antenna coupling.

The shielding and filtering

supplied shall not degrade the Mode S, ATCBI-5 and ARSR-4 systems below their
specified performance levels.

3.5.3 Pedestal.-

described in 3.5.2
rotary joints, and
the pedestal shall

The pedestal shall be designed to support the antenna

and 3.5.2.,1, drive mechanisms, azimuth pulse generators,
other units required for system operation.
contain dual 12-bit and l4-bit Azimuth Pulse Generators

At a minimum,

[APGs (4,096 and 16,384 pulses per scan)] (3.5.3.2) and dual AC drive motors.
The APGs and the AC drive motors shall be replaceable without an antenna

shutdown (including radiatiom).

The pedestal shall also have provisions for

leveling and contain an adjustable azimuth reference ring.

3.5.3.1

Rotary Joint.-

Mode S (Sections 1 through 6).

sections are listed below.

(a)

Frequency Range

The rotary joint shall accommodate six sections for
The required characteristics for these

1026-1034
1085-1095 MHz

(b) Peak Power (Unpressurized) 10 KW
(c) Peak Power (Pressurized) 10 KW €
(d) Duty Cycle (percent) 1.0%
(e) Maximum VSWR 1.2:1
(f) Maximum VSWR change 0.05 for 360 degree rotation
(g) Phase Shift (Maximum * 5 degrees*¥*
excursion in 360 degree ’
rotation and maximum rate
of change in 30 degree
rotation).
(h) Maximum insertion Loss 1.0 dB**
(i) Minimum isclation between 60 dB any two sections
* Shall handle maximum duty cycle of Mode S transmissions as defined in
FAA-E-2716.
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*% Throughout the frequency range from 1025.0 to 1035.0 MHz, the insertion
loss of sections 1 and 2 and sections 5 and 6 shall be the same to
within 0.1 dB and the phase match through each of these pairs of
sections shall be the same to within 5.0 degrees. Throughout the
frequency range from 1085 to 1095 MHz, the insertion loss of sections 1
through 3 and sections 4 through 6 shall be the same to within 0.1 dB
and the phase match through each of these sections shall be the same to
within 5.0 degrees. Sections 1 through 3 and sections 4 through 6 shall
meet the following additional requirements when a standard Mode S reply
pulse having rise and fall times less than 50 nsec is transmitted
through these sections. The rise and fall times of the output pulses
shall be less than 60 nsec, and the output pulses shall be flat to
within -15 percent of their respective peak amplitudes over the pulse
duration of 0.5 usec (that is, between the 90 percent amplitude points
on the leading and trailing edges). Between the 10 percent and 90
percent amplitude points on the leading and trailing edges of the output
pulses, the pulse shapes in sections 1 through 3 and sections 4 through
6 shall be the same to within * 10 percent of the input pulse amplitude
of the respective sections. Between the 90 percent amplitude points on
the leading and trailing edges of the output pulses, the two pulse
shapes shall be the same in * 5 percent of the input pulse amplitude of
the respective sections.

3.5.3.1.1 Phase Shift Tolerances.- The transmission paths between the sum
and difference ports of each of the array antennas and the rotary joint shall
be phase equalized so the differential phase shift between the two sections at
1,090 (* 5) MHz, shall be less than 3 degrees. The total differential phase
shift between paths through the adapter cables, the rotary joint, and the
cables from the rotary joint to the antenna assembly shall not exceed

5.0 degrees. Losses due to unit and transmission lines shall not exceed

1.75 dB for each of the six signal paths from the antenna assembly to the
rotary joint. Over the frequency band 1,090 (¥ 5) MHz this insertion loss
shall not vary by more than * 0.2 dB.

3.5.3.2 Azimuth Pulse Generator (APG).- Two APGs shall be provided and each
APG shall generate two pulse groups. These two groups shall consist of 12 and
l4-bit Azimuth Change Pulses (ACPs) and their associated Azimuth Reference
Pulses (ARPs). The 12-bit data shall consist of 4096 data pulses, plus one
reference pulse, and the l4-bit data shall consist of 16,384 data pulses, plus
one reference pulse, for each 360 degrees of rotation. The 12-bit data pulses
shall be referred to as "ACPs" and the 14 bit data pulses shall be referred to
as "IACPs" (I = Improved) from here on. The APGs shall be designed to provide
total compliance to the position accuracy requirements below. The APGs shall
be adjustable * 15 degrees, minimum; enabling the alignment of the ARP.
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10 percent of
20 percent of

The output characteristics of ACPs and the ARP as derived
from each of the APGs shall be as follows:

(a) 1l4-bit IACP Lines
Frequency 16,384 pulses per revolution
Voltage Line driver output (SNC 55183 or
equivalent)
Pulsewidth 2 to 6 usec
Pulse shape Rectangular, 50 percent duty cycle
Pulse position * 40 arc sec absolute
* 20 arc sec bit to bit
(b) 1l4-bit ARP Line
Frequency 1 pulse per revolution
Voltage Same as ACP
Pulsewidth Same as ACP
Pulse shape Rectangular, 50 percent duty cycle

Pulse position
(leading edge)

'+ 20 arc sec absolute

Coincident with the IACP leading edge
Coincident with the 12-bit ARP leading edge

(The ARP shall not lead the
than 0.015 psec.)

IACP by more

(c¢) 12-bit ACP Line
Frequency 4096 pulses per revolution
Voltage Line driver output (SNC55183 or equivalent)

(d)

Pulse shape
Pulse position

12-bit ARP Line

Rectangular, 50 percent duty
*+ 1.0 arc minute absolute
* 20 arc sec pulse to pulse

percent

cycle

Frequency 1 pulse per revolution

Voltage Line driver output (SNC55183 or equivalent)
Pulse shape Rectangular, 50 percent duty cycle

Pulse position Midway between two clockwise ACPs * 30

(e) Isolation between ACP and ARP signals,

including hum and noise, shall be >40 dB.

Output Isolation:

The above characteristics shall be met when measured at the end of a
terminated cable for any cable length up to 300 feet.
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3.5.4 Transmitter.- The transmitter shall be complete with Radio Frequency
(RF) circuitry and any other ancillary units needed to meet the requirements
of this specification. The normal operating peak power shall be that level
required to provide the coverage required in 3.4. The transmitter shall be
all solid state and of modular design. It shall have provisions for two
sectors of transmitter azimuth blanking, separately adjustable in angular
position (0 to 360 degrees) and width (0 to 180 degrees). Spectrum
measurement(s) shall be capable of being done on the operating system by an
average technician at the field site using BITE or external test equipment.

3.5.4.1 Operating Frequency.- The transmitter shall be capable of operating
at any frequency(ies) between 1215 MHz and 1400 MHz, as determined by the
Radio Frequency Generator (RFG), without manual adjustment. The operating
frequency(ies) shall be determined by crystal controlled sources and shall
have the capability specified in 3.4.1.15.1. The Government will assign the
operating frequency(ies) for each system and will advise the contractor of the
operating frequency(ies) at least 120 days prior to the scheduled delivery of
the system.

3.5.4.2 Transmitter Cooling.- The transmitter shall be cooled by means of
natural convection or forced air. If forced air flow is used, air flow and
over temperature interlocks shall be provided to protect the transmitter.
Transmitter cooling air flow shall be in accordance with 3.8.1.5.

3.5.4.3 Voltage Standing Wave Ratio (VSWR).- The transmitter shall operate
without damage into a 2.5:1 mismatch for a minimum of five hours.

3.5.4.4 Protective Circuitry.- Protective circuitry shall be provided as
necessary to prevent damage to transmitter parts.

3.5.5 Recejver.-

3.5.5.1 Sensitivity Time Control (STC).- STC shall provide time-varying gain
characteristics, site adjustable in azimuth in 11.25 degrees sectors for each
elevation receiver path. Range at which full gain is reached shall be site
adjustable in one nm increments from 5 to 160 nm and shall have a slope site
adjustable in one dB increments between R?2 to R* (R = range).

3.5.5.2 Receiver Video Output.- Monitor points within and on each receiver
path shall be provided by the manufacturer. A linear video output (1% + szlz
for each receiver, suitable for display on the LDC and an A-scope, shall be
provided. This output shall be a synchronous (destaggered) wideband analog
video output. In addition, this output shall provide composite IFF
information, a 100 usecond pretrigger for each radar update, 12 bit azimuth
change and azimuth reference information, Moving Target Indicator information
(Doppler), and normal video (including clutter).
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3.5.5.3 PReceiver ElectroMapnetic Compatibility (EMC).- The receiver shall
meet the criteria for radar receivers stated in Radar Spectrum Engineering
Criteria section in the Office of the Manual of Regulations and Procedures of
Federal Radic Fregquency Management" issued by the National Telecommunications
and Information Administration (NTIR), If a wide band preamplifier is used,
then it shall have a -20 dBm, 1dB gain, compression point.

3.5.5.4 Protective Circuitry.- Protective circuitry shall be provided as
necessary to prevent damage to receiver parts. Protection of the receiver
parte (e.p., low noise amplifiers, preamplifiers) from external radiation
sources shall be provided.

During RRSR-4 installation, the new radar may be installed rext to an existing
operatioral radar. The ARSR-4 shall be designed sc that an ARSR-1, RRSR-2,
ARSR-3, AN/FPS-20 series, or AN/FPS-6/9@/116 radar antenna center point
located 5@ feet, or more, from the center point of the ARSR-4 antenna does riot
cause damage to the ARSR-4. The existing adgjacent radar will have its main
beam blanked at the azimuthal direction of the RRSR-4, Sidelobe power levels
radiated from these riearby operational radars shall be taken intc account in
the RRSR~4 design, protecting any sensitive parts. No hardening against
electromagrnetic pulse or nuclear radiation is required.

3.5.6 Clutter Processing.- The RARSR-4 system shall be capable of meeting all
of the specified target detection and false report requirements in the
specified clutter environments and in the actual site clutter environment.

All clutter processing techniques employed shall be capable of full
adaptability to the actual clutter conditions at each site. This adaptability
shall be capable of contending with all types of clutter in any combination on
an azimuth, range, and elevation basis, as may be experienced in the actual
coperational environment, Clutter processing shall be available over the
entire coverage volume (3.4.1.1) on each 36@ degree scan. If clutter levels
in range, azimuth, and elevation cells at a radar site are more stringent than
that specified, the contractor may only degrade target detection performance
in those cells for terrain, rain, and angel clutter that exceed the values
specified. However, this degradation of target detection performance shall
only be permitted in the range, azimuth, and elevation cells where the
contractor can prove to the Bovernment that these terrain, rain, and angel
clutter levels experienced exceed the specified levels, At no time under any
clutter environment shall the ARSR-4 system exceed the 194 false reports
requirement specified in paragraph 3,4.1.6. The contractor will be allowed
after contract award to visit the operational sites to substantiate the
clutter levels at ARRSR~4 sites asg described in the SOW. The ARSBR-4 shall have
analog normal videos available at the LDC from various stages in the
processing chain as specified in 3.5.16.2, providing the capablility to view
the clutter environment at the LDC.
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Fppendix A describes the radar clutter model for terrain clutter, sea clutter,
rain clutter, ground vehicles, angels and AP. The ARSR-4 design shall address
gach of these clutter enviromments (3.4.1.2 and 3.4.1.7). If different
waveforme are required to meet the specified Pd for different environments,
the system shall automatically sense that clutter envirorment and select from
a waveform menu waveform(s) that will maintain the required detection and
false alarm rate requirements. The ARSR-4 shall provide for the elimination
=f momsynchronous interference (i.e., pulse energy radiating at PRF (5}
differing from the ARSR-4) during operation in all different clutter
environments and all waveforms used. Ambiguous waveforms (ambiguous waveforms
are waveforms used to meet coverage regquirements beyond their first listening
period) shall not be used, and the waveform(s) used shall be selected so as to
minimize multiple trip returns from lowland clutter during normal propagation
conditions. To the extent commensurate with the false report requirements,
prosisiuns shall be made to minimize the detection loss when surface clutter
exceeds levels equal to 9o of -14 dB. Provisions shall be made for
monitoring up to five permanent echces, allowing the verification of range and
azimuth of the search data. These permanent echo monitoring sectors shall be
adjustable up to 2 degrees by & rm in size and shall employ ro clutter
processing in those sectors.

2.5.5.1 Terrain Clutter.- The ARSR-4 shall provide the capability to detect
aircraft targets in the presence of ground clutter. The clutter model
dascribes three types of ground clutter, namely, that from mountains, wooded
hiils and lowlands. The spatial amplitude distribution and the velocity
density fumction are different for all three types. In order to keep to a
mivimum the tangential blind speed sector for zircraft, the ground clutter
suppressicn technigues shall address each type of ground clutter so that the
s velocity rejection notch is no wider than that needed to provice fthe
qeound clutter suppression necessary to meet the aircraft detection
rejuirements specified in 3.4.1.2 and the false alarm requirements specified
in 3.4.1.6. In addition, a superclutter and interclutter capability shall be
provided to caver all radial velocities from @ to Max V knots {(Max V 1is the
maximum radial velocity as referenced in Table 3-1 feocotnotes). This
capasbility shall continuously adjust to temporal changes in the clutter
gnvircnment.

3.5.5.8 leather Clutter.- The ARSR—4 clutter processing shall provide a
suparclutter capability for aircraft whose radial velocity falls within the
regicn of the radial veloeity of the precipitation. The detaction capability
shzll be that necessary to meet the requirsmerts specifisd in 3.4.1.2, based
o the averall system weather rejection capability.
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In the event that a technique other than circular polarization is used to meet
the requirement for detection in rain, such technique shall not degrade
detecticon in the other environments by more than 3dB below that specified in
Table 3-1. In the event that the technigque does depgrade performance below
that specified in Table 3-1, the techrnigque shall be selected for use by
sensing when and in what areas the detection performance is being degraded due
to precipitation. The technique shall be automatically gated in by sectors so
as to encompass these areas, while at the same time minimizing its use in
areas where precipitation clutter does rnot exist., The switching action from
the normal detection mode of operation to the target detection in rain mode of
operation shall rnot cause any degradation in target Pd and false alarm rates.
A field adjustable provision shall be incorporated so that precipitation
clutter returns up to any selected range betweernn 5 and 92 nm, in one nm
incremerts, will not result in the selection of this technique for use.
Additionally, a field selectable capability shall be provided to override the
automatic selection of this technigue.

2.5.6.3 Sea Clutter.- The ARSR-4 clutter processing shall provide that sea
clutter suppressicrn necessary to meet the aircraft detection criteria
specified in 3.4.1.2. A superclutter capability shall be provided in the zero
velocity notch.

2.5.6.4 Prcmalous Propagaticon (AP).- The ARSR-4 clutter processing shall
provide the capability to detect aircraft during conditions of AP. AP causes
the radar to detect clutter at ranges that may exceed 4/3 earth horizon but
may alsc extend beyond the maximum instrumented range of the radar. The ARSR-
4 system shall be designed to provide waveform(s) and clutter processing that
will be effective on the AP returns, For system design purposes, the maximum
range of the anomalous returns shall be 5@@ rnm. The detection capabilities
under ducting shall be that necessary to meet the requirements of Table 3-1 in
3.4.1.8 for clutter out to 25@ v, For ducting conditions that result in
clutter returns beyond 5@ rm, the ARSR-4 shall automatically sense the
clutter envirorment and select from a menu of waveform(s) the one that will
maintain the required detection and false report rate requirements, except
that the velocity visibility and dim speed notch requirements may be degraded
to the extent necessary to implement this feature.

3,5.5.5 Arpel Clutter.— In the event that the specified angel false alarm
reports (3.4.1.6) can rot be met at the output of the first function of the
scan to scan correlation by any other means that will not deprade system
perfarmance below that specified herein, the contractor may degrade the
detection compatibility in the following manner.

o
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Based on the specified target capacities (3.4.1.8) and the specified false
reports (2.4.1.6), the contractor shall establish those areas within the
specified coverage where the average data count is higher then should be
expected. Restricted to those areas, at altitudes and/or elevations
appropriate for angels, the contractor may degrade detection capability. The
degradation shall rot be greater than that which will provide 8@ percent Pd
for a 2.2m* target for the specified velocity visibilities. The reduction in
detecticn capability shall be dore in such a way as to minimize the
degradation of those targets having radial velocities greater than 6@ knots.
In additior, a field adjustable override feature shall be provided to raise or
lower the 2.2m* target reference level between the minimum detection level
specified in Table 3-1 and 1@m* in 1 dE increments. However, this override
feature shall not be used to meet the specified false report rate. A field
selectable capability shall be provided to turn this detection degradation
function on or off. The method selected by the contractor to accomplish the
above shall not degrade range and azimuth accuracy.

32.5.7 Search Target Extraction.- Search target extraction shall produce a
single target report for each detectable aircraft target within the coverage
volume an each scan of the antenna to the range, azimuth and height accuracies
specified in 3.4.1.9. The range and elevation data along with the atmospheric
refraction corvecticn factor (3.5.24) shall be used to compute the altitude.
Site adjustable altitude compensation for anterma tilt changes shall be
provided. Vehicular traffic targets may be inhibited by fixed mapping
techniques within the lowest beams to the extent applicable. The extracted
target reports shall be used for search/beacon reinforcement or shall be
remated via the first furncticon of the scan to scan correlation function to the
Made S processcr. The interface requirements for Mode S are given in section
3.3.18,
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2. 5.8 BStrobe Crocessing.- The RARSR-4 shall produce (with 9@ percent
prabability’ a single strobe report on a single constant power noise jammer
having an Effective Radiated Power between the minimum and maximum values
specified in Appendix B and located at a range of 188 nm. The ARSR—4 shall
produce (with S8 percent probability) main-lobe strobe sigrals on up to c@
equal-power jammers having Effective Radiated Power equal to the average of
the valuess specified ir Appendix B and located at ranges distributed uniformly
between S@ and 38% rmi under worst-case conditions, all jammers shall be
diziributed uriformly over a 9% degrees azimuth sector. Strobe (azimuth-only)
accuracy shall be 8.27 degree (one standard deviation). The ARSR-4 shall be
capable of resolving (S0 percent probability) two equal-power jammers emitting
maximum power, as specified in Appendix B, located at a range of 102 nm ard
separated by three degrees ir azimuth. Strobe processing shall report
interTerence amplitude levels in eight equal steps of 8 dE from the receiver
noice Jevel to the receiver limit level. Strobe processing shall also report
"the approximate elevation angle ir one degree increments from -1.@/+@.2 to

29 degrees. The ARSR-4 shall be capable of analyzing the strobes on a scan to
sCan basis irn such a marmer as to eliminate false strobe reports.
fdditiorally, an analng strobe video shall be available at the LDC ard the
LDCs demarcation point as specified in 3.5.1E.

.8%.3 Pascon Target Praocessor. -

2 1 Iwmitial Functions.- The overall capabilities and functions of the
272 =hkall be as described in the following subparagraphs.

3.7.72.1.1 Target Pracessing.- The BTP shall receive anternna azimuth data,
teacor: mode amd timing sigrals, beacon video, test video, and test indicators.
The BTP shall provide means for bracket detection, code extraction, reply
degarbling, and timing. The pruocessor shall perform all of the processing
necessary to provide completed beacon target reports to the system. All of
the operational and self-test functions of the processor shall be controlled
by the appropriate software. Furctions of the processcor will be implemented
in firawara,
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3.5.9.1.2 BPulsewidth Discrimination.- A fixed width threshold shall be

provided to establish the minimum acceptable reply pulsewidth criterion. Any
video pulse which exceeds this threshold shall be considered acceptable. The
fixed threshold shall be set so as to accept all pulses 308 nsec or wider
while rejecting all pulses 150 nsec or narrower. Rcceptance or rejection of
pulsewidths that fall between 158 to 300 nsec shall be left to the discretion
of the contractor. The width of the pulse passed to the bracket detector
shall be within 100 nsec of the video pulse's width, as measured at its 50
percent amplitude point, provided that it exceeds this established minimum
pulsewidth criterion. The width threshold circuitry shall be implemented
using digital logic which is synchronized with, and operates at multiples of,
the basic BTP detection range clock. All pulses passing the minimum
pulsewidth threshold criterion shall be provided to a fixed maximum pulsewidth
criterion. Any video pulse which is less than or equal to the nearest integer
number of range clocks between 1.4 psec and 1.5 psec in width shall be
considered acceptable and passed to the next processing circuit. Video pulses
exceeding this maximum threshold shall be truncated to the 1.4 usec to

1.5 psec clock-related pulse width before being sent to the next processing
circuit.

3.5.9.1.3 Bracket Detection.- The BTP shall recognize the presence of the
beacon framing pulses (F1 and F2) in the video reply train by sensing the
nominal 20.3 usec spacing between their leading edges (FAR Order 1212.51R,
attachment 1). If the pulsewidth of Fi is less than or equal to .35 psec or
if it is within 0.13 psec of the width of F2, the leading edge of F1 shall be
used as the reference for this measurement. Otherwise, the leading edge of F2
shall be used. Other algorithms for detecting brackets and determining the
reply's range and, hence, the correct timing for code data sampling may be
used if it can be demcnstrated that it meets or exceeds the performance of the
aforementiored technique. The Fi1/F2 spacing shall be sensed with a tolerance
which is adjustable by simple internal means. This adjustment shall be
implemented by sensing pulse spacings which cccur within an integral number of
BTP range clock pulses of the nominal 2@.3 psec spacing, provided that the
range clock's frequency permits the specified tolerances to be met. The
minimum tolerances within which the BTP shall declare brackets and outside of
which the BTP shall not declare brackets shall be as follows for a BTP range
clock period of 85 to (205 nsec.

Tolerance Setting Acceptance Rejection
+/-0.1 usec +/-1 clock period +/=-2 clock periods
+/-@.2 psec +/-2 clock periods +/=3 clock periods
+/-0.3 psec +/-3 clock periods +/-4 clock pericds
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For a BTP with a range clock period outside of the 85 te 120 nsec interval,
the tolerarnces shall be as follows with respect to 20.3 psec:

Tzlerance Setting Acceptance Rejection
+/~-108 nsec +/-@.1 psec +/-230 nsec
+/-282 nsec +/-8.& psec +/-375 nsec
+/-308 nsec +/=-8.3 psec +/-508 nsec

The bracket detection logic shall recogrize and inhibit the false bracket
detection output that could otherwise occur because of the presence of the CZ
and SPI pulses in a reply train. Detection of a valid bracket pair shall
cause the sampling of the data in the mode, range, and azimuth registers for
use in the code extraction and garble sensing circuits, and for inclusion in
the ETP's cutput reply word., Bracket detection informatiorn shall alsc be
provided to the RMM for tabulating and display.

3.5.9.1.4 Ccde Extraction.- The sensing of the beacon framing pulses shall
cause the sampling of all of the information pulses which may be associated
with the reply. The nominal positicms and pulsewidths of the 13 code pulses
and the SPI pulse will be as specified in attachment 1 to FAR Order 1018.351RA.
The particular referernce used for each individual bracket detection
{3.5.9.1.3) shall be used to establish the nominal sampling positions of the
information pulses associated with that bracket. Repardless of the reference
used, the sampling shall be accomplished using the same tolerances as
specified for bracket detecticn, except that there shall be only two
selectable for the code data sampling tolerance: +/-8.1 psec and +/-0.2 upsec.
The sampling technigue shall rnot necessarily require a leading edge to detect
a code pulse. The selection of the code data tolerance shall be accomplished
by simple internal means and shall be separate from those of bracket detection
or garble sensing.

3.5.9.1.5  Barble Sensing.- The BTP shall check the bracket and code data for
garble conditions that may exist which would interfere with the target
detection and code validation processes. Interleaved replies are, by
definition, not mutually interfering and shall rnot cause a parble declaration
regardless of the externt of the interleave. Similarly, closely-spaced replies
do not mutually interfere. Therefore, all replies involved in an interleaved
or a closely-spaced reply condition, or a combination thereof, shall be
correctly and unambiguously decoded and processed without garbling. The BTP
shall reccgnize the false, "phantom” brackets which can occur in the closely-
spaced reply condition when nonframing pulses in different replies occur at
the framing irterval. A1l such phantom brackets shall be detected and
eliminated without garbling or otherwise affecting the correct replies. The
information data associated with overlapped replies which cannot be
urambiguously resclved shall be destroyed (set to all zeros) and a garble flag
set in the associated reply word. The bracket detections of the overlapped
replies shall remain intact and shall be available for use in the target
detecticon process.
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2.5.2, 1,6 BTP Timing.- The BTP shall provide a means of associating the
correct range and azimuth data with each reply detected and reported in the
BTP. The BTP shall provide appropriate range clock generation. The clock’s
frequency shall be such that an integral number of clock pulses occur in the
nominal video code pulse interval of 1.45 psec and bracket interval of

20.3 psec. The least significant bit of the range word used for the bracket
detection reply shall be no greater than 125 nsec. The leading edge of the P3
pulse of the beacon mode trigger shall define beacon zero range. All time or
range manipulations in the BTP shall use the BTP range clock or multiples
thereof. The conversion of range to nautical miles for a target report shall
be performed in the BTP. A BTP range alarm shall be indicated if the clock
fails or changes frequency such that the design value number of clock
intervals yields a value more than 20 nsec fraom the rorrect bracket spacing of
z@. 3 psec.

The BTP shall also decode the mede trigger pulse spacings for

Modes 2, 3/AR, and C in any interlace sequence and provide the appropriate mode
data in the BTP. If an illegal or out-of-taolerance pulse spacing is received

or if the P3 pulse fails or is more than 2.0 usec from its expected position,

a mode trigger alarm shall be indicated in the BTP.

The BTP shall contain appropriate azimuth word generation circuitry. The
input data shall be in the form of IACP data (16,384 IACPs per ARP). Thus,
the least significant bit in the azimuth word shall be @.0ZZ degree. All
azimuth manipulations in the BTP shall use this azimuth reference and position
granularity. A BTP azimuth alarm shall be indicated if there are not exactly
1€, 384 IACPs per ARP.

The BTP shall report data to the search/beacon reinforcement furnction for
target reinforcement processing. If the transfer is incomplete or the
search/beacaor reinforcement function carmot accept the reply data within the
time necessary tc meet the performance requirements established elsewhere, a
ETP output alarm shall be indicated. This alarm, in particular, shall not
depend sclely on the data transmission technique for its transfer to the
search/beacon reinforcement functior. Similarly, if the BTP loses data
because =f any register or buffer overflow due to conditions external or
internal to the BTP, a ETP cverflow alarm shall be indicated.
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2.9.9.1,7 Tarpet Detecticn.—- The BTP shall accept bracket declarations,
urigarbled code replies, and appropriate status flag and timing data for use in
target declaration. The beacon reply data shall be compared in range,
azimuth, and code with previcusly received replies such that all

Modes 2, 3/R, and C replies from a single aircraft are grouped into a single
target file. No beacon reply shall be correlated with, or used in
formulating, more than a single target report. If a choice of targets exists
for a given reply, the reply shall be correlated with the most similar target
file, and the special beacon tarpget indicator flags shall be set in all target
files considered for such correlatiorn. Each beacon reply that fails to
correlate with an existing target file shall cause the formation of an initial
target file. The correlation criteria shall be a fixed software function of
the detecticr algorithm and shall rot be accessible to operation or
maintenance perscormel. Replies from only Modes 3/R, 2, C or all or any
combination shall be used in the beacon target detection processi selection
shall be site adjustable.

The specific detection algorithm implemented in the BTP shall be either a
sliding window or, at the contractor’s option, a type of sequential observer.
The algorithm shall use a fixed range cell technique for allocation of reply
range data or, optionally, a floating range cell technique. The algorithm
shall, however, be chosen and implemented in such a manner as to meet or
exceed the accuracy, resolution, split and false target rates, and Pd
requirements specified in 3.4.2 under arny permissible combination of radar and
aircraft conditions as specified in 2.4.1.8 and 3.4.2. 4. Other algorithms for
target detection may be utilized if it can be demomstrated that it meets of
exceeds the requirements. The selected technique shall be able to resclve and
correctly report at least four stationary, interleaved tarpets where the F2
pulses of the furthermost replies occur less than 3.2 nm after the SPI
position of the first tarpet's replies. Any embellishment to the basic tarpet
detection algorithm which is required to meet these requirements shall be
pravided. All fixed parameters recessary to optimize the detector for a reply
situation, including the leading and trailing edge criteria and, in the case
of the sliding window algorithm, the window length, shall be field adjustable.
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3.5.9,.1.8 Code Validation.- The BTP shall attempt to validate the unparbled
Modes 2, 3/R, and C codes, including SPI, X, and military emergency bits which
are correlated with a target during the target detection process. The
validation process shall start with the second reply received for a target
regardless of whether or not that reply’s sweep is a detection sweep. Except
as noted in 3.5.9.1.9, a data code shall be validated if, during the target
detection process, Ve or more consecutive ungarbled replies to the same
interrogation mode identically compare on a bit-for-bit basis, where Ve is
the validation count. The value of Ve shall be field adjustable from less
than two to at least six in unit increments. The validation process shall be
conducted separately, and shall set separate code-valid flags, for the
following code bits: 12-bit Mode 2, 12-bit Mode 3, 12-bit Mode C, SPI,

Mode £'s X-bit, Mode 3's X-bit, and the military emergency bit. If the
validation attempt is not successful, the appropriate code-valid flag shall
remain not set and, in the cases of the three 12-bit codes only, the value
last received before the completion of the target detection process shall be
included in the output target report. If, during the entire runlerngth of a
target, no ungarbled replies are received for a given mode, then the
appropriate code bits shall be set to all zeros and the appropriate code-valid
flag shall remain not set. In all other instances, the validated code or
codes shall appear in the target report. Upon successful completion of the
validation process, the incoming code data shall continue to be inspected and
utilized by the target detecticn process to resclve any adjacent targets.

3.5.9.1.3  Code Transformation.- After validation and before entering the
target report into the output buffer, the BTP shall transform the Mode 3/R,
Msde C, and Mode 2 code data from the aircraft reply format to the digital
message format. The Mode 3/R reply grouping of C-R-B-D shall be transforned
ta the binary-coded-decimal format of A-B-C-D, as specified for the beacon
cutput message [3.5.13(h)]. When the military emergerncy bit is validated, the
aireraft’s Mode 3/A code shall be replaced with code 7792 and the Mode 3/A
validation flag shall be set. The Mcde C reply grouping of C-R-B-D shall be
transformed to the appropriate 12-bit 2's compliment binary code indicating
the aircraft’'s reported pressure altitude. Refer to Attachment 1 to FRR Order
1210.51A and 3.5.13(h) herein for additional Mode C conversion requirements.
Illegal or undefined Mode C reply codes shall be reported without the Mcde C
validation flag being set, even if they stherwise meet the validation
criterion. The Mode 2 reply data shall be rotated cne bit to the right such
that it conforms with the format of 3.5.13(h).
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2.5.9.1.12 Target Position Bias Correction.- The BTP shall provide for the
porrection of the position of all beacon targets to eliminate any positional
bias errors introduced by the target detectiorn process. This correction shall
be a software parameter which is not subject to operator control. It shall be
a single fixed value, unless the selected target detection algorithm requires
a dynamic correction technique to meet the established performance
requirements. In the latter instance, the dynamic correction shall be
implemerted in such a manrer that it carn be easily modified at such time as
the target detection algorithm is modified. The BTP shall also transform the
tarpet’s range to nautical miles as a part of this bias correction process. A
site adjustable azimuth correction shall be made available to compensate for
azimuth errors induced by a search/beactn antenna misalignment and mode
interlace.

In addition to this correction, a separate means of inserting range
corrections shall be site adjustable to offset any range errors caused by
search-to-beacon radar timing or other sources of error which may exist
external to the BTP., This correction is in addition to similar adjustments
required elsewhere and shall not invalidate the accuracies of internally
generated beacon test targets. The range correction shall provide for biasing
the tarpget report range from zero to at least 5.@ rm in either direction from
the rnominal target position in increments of 1/32 nm or less.

3.5.8.1.11 Runlength Processing.~ The BTP shall be able to inhibit beacon
targets which have unacceptable runlengths and cutput those which are of an
acceptable runlength. An acceptable beacon target is one which consists of no
fewer than the minimum beacon runlength replies rnor more than the maximum
beacon runierngth replies, where minimum beacon runlength indicates a short
runlength threshold for beacor targets and maximum beacon runlength is the
lcnmg runlength threshald., A target file which does not contain at least the
minimum beacon runlength correlated replies or which contains more than the
maximum beacon runlewngth correlated replies shall not result in a final target
report.  The values of maximum beacon runlength and minimum beacon runlength
shall be able tc be indeperndently set by a field adjustment in each of at
least 1& independently established range and azimuth sectors. Minimum beacon
runlength shall be variable from zerc to at least 15 and maximum beacon
runlength shall be variable from less than eight to at least 108 in integer
values.

The start-stop range and azimuth values for each sector shall be able to be
independently set anywhere in the BTP's coverage with a resolution of

@.7 degree and @.5 nm or better. Each sector shall be able to provide full
azimuthal coverage (360 degrees). The control of the sectors’ values for
miviimum beacor runlength and maximum beacors runlength shall be field
adjustable. This runlength discrimination feature shall be enabled or
disabled by field adjustment and shall rnot apply to beacon strobe or beacon
Real-Time Quality Control (RTQC) test tarpgets.
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In addition to the runlength discrimination, the BTP shall convert the
runlength information from the number of replies which make up the report, to
the azimuth extent over which those replies were received. This azimuth
runlength shall be provided for all BTP output target and strobe reports and
shall have a Least Significant Bit (LSB) of 0.288 degree and a Most
Significant Bit (MSB) of 22.5 degrees. As indicated in 3.3.13h), the
runlength is always reported in the common format strobe message, but it must
displace other bits in the beacon message because of message capacity
limitations. Accordingly, the BTP shall, by field adjustment, set or reset a
beacar runlength reporting flag in each BTP output target report. This flag
shall then be used to initiate inserticn of the azimuth runlength data in the
common format beacon messages. When beacon runlength reporting is enabled, a
conspicusus notation to that effect shall be displayed on the RMM to alert the
personnel to this nonstandard condition.

3.5.9.1.12 Strobe Processirg.- The BTP shall count the number of bracket
declarations each sweep and compare them to a field adjustable threshold.
When the threshald is exceeded, the processing of all new bracket detections
shall be inhibited for the remainder of that sweep while any in—process
targets shall continue to be processed and repcrted out narmally. Normal
inputs to the targets shall resume after an additional complete radar sweep
with fewer brackets than the strobe threshold has passed and been observed.
For each sweep or portion thereof in which normal inputs to the target
detector are irhibited, an artificial bracket detectior pulse shall be
inserted into the target detector with a pseuds range of 254.5 rm. The riormal
beacon target detection algorithm shall apply to this pseudc target except
that every sweep with a strobe declaration shall be used in the detection
algerithm, regardless of the mode interlace. Any resulting beacon strobe
target shall be reported as specified in 2.5.3.1. 16 with the pseudo range of
254.5 rm, and the detected center azimuth and runlength.

The beacom strobe elimination feature shall be able to be enabled or disabled
by field adjustment. The threshocld for activating the strobe elimination
feature shall be site adjustable in increments of 1€ from zers to at least

atz.

3.%.9.1.13 Processing Range.~ The BTP shall be able ta inhibit the reporting
of beacon targets which are not within a site-selectable range coverage. The
beacon minimum range shall be variable from zero to at least 32 rm and the
beacor maximum range shall be variable from zero to the maximum BTP range of
250 rmm. The values shall be site adjustable in increments of 8.3 nm or less.
Neither furmction shall affect the reporting of beacon strobe, RTGC, or self-
tast targets.

—64=-
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2.9.92.1.14 Beacon Offset.- The BTP shall be able to offset the range of
beacon targets to allow the collection of both search and beacon target data
from aircraft returns. The offset shall add @.50 rm to the otherwise correct
range =f all beacon tarpets except those generated internally for the RTGC
{Z.S5.15.8.4.1). The offset enable/disable shail be field adjustable. When
the offset is enabled, a cormspicucus notation to that effect shall be
displayed cn the LDC monitor, and the condition shall be reported in the BTP
status report.

2:59.9.1.15 Special Military Replies.- Certain military transponders indicate
emergency and identification conditions with special reply formats. These
special military responses to Mode 3/R interropgations are defined and shall be
processed as specified below:

{a) In lieu of the civilian transponder's single emergercy (code 770Q)
reply, some military transponders will transmit four complete
reply pulse trains, with the first framing pulse of the succeeding
reply trains occupying the SPI pulse position of the preceding
pulse train. The emerpgercy code of 7708, if it is transmitted at
all, may appear in the first reply train with either the normal
Mode 3/R code or an all-zero code in the remaining trains. The
BTP shall recogrize this reply format even if the second or third
reply train (but not both) is missing, and shall report it to the
ETP as a single reply with a military emergency flag bit set. The
ETP output shall include the range, azimuth, and code of the first
reply train only.

3.5.9.1.1& Target Message Content.- The BTP shall provide cutput data for
the search/beacon reinforcement function. The beacon tarpet report, beacon
strobe report, BTP status report, and Mode 4 messapges shall be provided by the
ETP. The messages must contain at least the following information and that
called cut for in 3.5.13(h).

(a) Target Report:

{1’ RTGC - A unique message which idertifies the beacon RTQC
test target.

(2) Test - A unique message which identifies if the test
indicator was present for one or more of the tarpet’s
replies.
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{4)

(7)

(8)

Message label - A unigue bit arrangement which identifies
the message as a BTP output target report.

Code validation and emergerncy flags — Six code validation
flags (Mode 2, Mode 2"X", Mcde 3Z/R, Mode 3/R"X", Mode C, and
Identification or SPI) shall be identified by unique
messages upon successful completion of their respective
validation processes. The presence of validated 7600 or
7702 Mode 3/R emergency codes shall be identified by unique
messages.

User bits - A unique bit arrangement which identifies the
FAA and Air Force in each beacon target report.

Range - A unique message which identifies the average range
of the individual replies which make up this report. The
range shall be reported from LSE 1/32 rm to MSB 128 rnm.

Special target -~ A unique message which identifies a special
beacon target indication as specified in 3.5.9.1.7

Azimuth - A unigque message which identifies the average
azimuth of the individual replies which make up this report.
The azimuth shall be reported from LSE Q.9022 degree to MSB
180 degrees.

Discrete - A unique message which identifies whenever the
report contains a discrete Mode 3/R code.

Runlength flag and data - A unique message which identifies
the azimuth runlength of the target as specified in
2.9.9.1. 11,

Code data for Modes 2, 3/R, 4, and C - A unique message
which identifies the validated or invalidated code data of
the target. ARlss, a unigue messapge which identifies if a
particular mode was not interrcgated or if the aircraft did
rot reply, was garbled, or replied with framing pulses only
to Mode 2 or Mode 3/R interrogations shall be transmitted.

-£&~
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{b) trobe Repor:

(1)

g

Test - A unigque message which identifies if the test
indicator was presert for one or more of the tarpet’s
replies.

Message label - A unique bit arrangement which identifies
the messapge as a BTP cutput strobe report.

User bits - AR unigue bit arrangement which identifies the
FRA and Rir Force in each beacon strobe report.

Ranye - R unique message which idertifies the range of the
beacorn strobe report as specified in 3.5.9.1.12. The range
shall be reported at 254.5 rm using the same range LSE and
M5B as the beacon message.

Azimuth - 5 unique message which identifies the average
azimuth of the individual replies which make up this report.
The azimuth shall be reported using the same LSE and MSE as
the beacon message.

Runlength data - A unique message which identifies the
azimuth runiength of the strobe as specified in 2.5.9.1.12.

() Status Peport- linique bit arrangaments indicating each of the

fullewing BTP status conditions shall be provided by the BTP:

BTP Range aiarm

BTF Aziwuth alarm

BTP Dutput alarm

BTF Overflow alarm

Deacon mode trigger alarm

Results of the operational self-test
Reacon offset

Beacon runlength reporting

Eeacor: runlength discrimination status on/off

-7~
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3.5.9.1.17 Mode Interlace Seguence.- The beacon mode interrogation sequence
employed in the ARSR-4 shall normally be Modes 3/R, 2, 3/R, C. For this
interlace sequence, the primary mode is Mode 3/R. ARll beacon and beacon
reinforced search performance requirements specified herein shall be achieved
using this beacon mode interlace pattern. The interlace pattern shall
normally be established via switch action at the ATCBI-S. When the interlace
sequence of the ATCBI-5 is changed, an azimuth shift will occur. The RRSR-4
shall have a site adjustable feature compensating for any changes resulting
from an interlace sequence change.

3.5.12 Beacon/Search Reinforcement Function.- The beacon/search

reinforcement function shall reinforce the separate beacon and search target
reports (3.4.1.8 and 3.4.2.4) which result when the same aircraft target is
detected by search target extraction and the beacon tarpget processor. The
reinforcement shall be accomplished such that a unique target messape for a
beacon reinforced search target is reported for a single aireraft which is
detected by both radar systems. The reinforcement algorithm shall reinforce
only those targets which meet established range, azimuth and altitude criteria.
These criteria shall be initially determined by the contractor and approved by
the Contracting Officer prior to the start of equipment production. The
selected criteria shall be field adjustable. When the beacon report is offset
@.5 nm in range (3.5.9.1.14) beacor/search reinforcement shall not occur. The
beacon/search reinforcement message shall contain either the range and azimuth
of the beacon target, the range and azimuth of the search targe}, the search
range and beacon azimuth, or the beacon range and the search azimuth. The
selection of the data source for the position report shall be field adjustable.
A single target which is detected by both radars shall be reported as a single
reinforced beacon message at least 99.3 percent of the time. The reinforced
beacon/search targets, unreinforced search targets, and urnreinforced beacon
targets shall be forwarded to the editor function,

3.5.11 Scan to Scan Correlation.- Scan to scan correlation shall be
continuously performed on the data from the search target extraction function.
The scan to scan correlation shall use tracking algorithms to accomplish two
functions. The output of the first function shall be used tc meet the
detection requirements of 3.4.1.2 and the false report requirements of 3.4.1.6
and shall provide data to the BTP or Mode S reinforcement function. The output
of the second function shall be used to reduce the false report rate to 10
percent or less of that at the output of the first function when the first
function is adjusted for 25 knots. The second function shall provide data to

the editor.

The first function shall eliminate reports having ground velocities up to 25
knots (tc be field adjustable from @ to 8@ knots). For this function all
initial target reports shall be cutputted on each scan. Targets are only to be
deleted when they are in track and determined to be less than 25 knots ground
velocity. Since this function is performed on all data, it is, therefore, to
be considered in meeting the false reports requirements of 3.4.1.6 when
adjusted to 25 knots.
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The second function shall use tracking algorithms to edit the reports to be
able to output only these reports that have scan to scan position expected of
aircraft. The second function shall not track targets less than or equal to
25 krote (field adjustable from @ to 80 knots, but not required to be less
tharn the first function's adjusted velocity). The purpose of this furction is
to reduce the false reports below that specified in 3.4.1.6. It is not a
consideration in meeting the specified false report rate of 3.4.1.6. Ground
velocities for aireraft tracking may be stratified by altitude. If altitude
data is used, it shall be that obtained from the search reports. The altitude
strata versus ground velocities for the purpose of this tracking function only
are as follows: :

{a) Surface to 10,008 ft. 25 to 30Q Knots
{b) 19,000 ft. to 5@,002 ft. 25 to 788 Knots

Returns above 5@, 0008 ft. shall be outputted from the second function without
using a tracking algorithm. Altitude errors and aircraft climb and descent
rates shall be comsidered in using altitude data at the 1@,008 ft. and 50, 000
ft. altitude boundaries to assure that aircraft are not dropped from the
tracking algorithm because consecutive returns from the same aircraft cross
gither of these boundaries.,

1t shall be possible by field adjustment to alter each altitude stratum, in
1,220 ft. increments, and its associated velocity, in 1@ knot increment and to
adjust the tracking algorithm to accommcdate this alteration.

For the second function, only the reported position of targets shall be
forwarded (i.e., no smocthed cr coasted positions are to be outputted). Under
this condition the Pd specified for the various envirorments specified in
3.4.1.2 shall be met after the target has been detected any 3 out of S
successive scans. Tn meet this requirement in angel clutter, the 25 knot
threshold of the second functicr may be raised to a maximum of 6@ knots when
angel clutter corditions exist. For the purpose of meeting the specified Pd
and false report requirements, the tracking algorithm must accommodate turn
rates of € degrees per second for aircraft with ground velocities of 200 knots
o less and 3 degrees per second for aircraft with ground velocities greater
than 288 knots.

The varicus tracking criteria used by the tracking function shall be field

adjustable, so as to be able to optimize its performance under differing field
conditions.
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3.5.11.1 Editor.- The potential target reports that do not

reinfarce with beacon target reports and are returned from the beacon
reinforcement process must be cutputted directly from the editor as first
furction radar only target reports and compared with the output from the scan
to scan correlation second functicr to generate a single target report for
each radar-only target from the second function. This shall be accomplished
by the furncticmal block named "Editor® referenced in Figures 3~2 and 3-3. The
editor shall compare the targets returned from the beacon reinforcement
function with the output of the scan to scan correlation second function. A
radar-only target report shall be generated only when the target appears in
both the reinforcement function output as a radar-only and the output from
scan to scan correlation second function. These reports shall be provided to
the formatter (3.5.13) along with beacon only and beacon/search reinforced
data for output transmission. The following four data features shall be
provided at the output of the formatter for the selection of radar-only
reports and shall be available to all users through field selection.

{(a) First function scan to scan correlated data.
(b Edited second function scan to scan correlated data.

fc) Edited first function secarn to scan correlated data which has three
field selectable sectors adjustable in range and azimuth in one nm
and cne degree increments over the entire coverage volume. The
data in those selected sectors shall be data from the second
furction of the scan to scan correlation function. This feature
shall be reversible so that the data from the edited second
function of scan to scan correlation has three field selectable
sectors adjustable in ramge and azimuth in one nm and one degree
increments over the entire coverage volume. The data in those
selected sectors shall be data from the first function of the scan
to scan correlation furnction,

(d) This data feature is the same as (c) above, but totally
independent from (¢) above. The selection of edited first or
second function data and the three field selectable sector
adjustments shall be capable of producing ancther separate and
distinct data feature from (o) above.
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3.5.12 Weather Data Subsystem.- A weather processing capability shall be
provided to report three levels of weather data from five possible levels of
weather intensities that are field selectable. Provisions shall be provided
to allow reporting of all five levels of weather intensities if and when an
expanded weather reporting capability is implemented (3.3.16.18). The
trarismit waveform for the weather data may be the same one as used for the
aircraft target detection or may be a separate transmit waveform as determined
by the contractor to meet the specified requirements. The antenna subsystem
skall be that used for the aircraft target detection., The contracteor shall
provide the ability to measure the reflected energy from precipitation that is
within line-of-sight of the radar and 2,000 or more feet Above Ground Level
{ABGL) and in & marmer to minimize ground clutter contamination of the weather
data.

2.5.18.1 Arterna Polarization.- In the event that the contractor’s design
uses circular polarization to reduce the precipitation clutter for aircraft
target detection purposes, the arnterma cutput for weather processing shall be
the opposite sense polarization during any time that the circular polarization
is in use.

3.5.18. & Weather Receiving Characteristics.- The receiver(s) shall have
sufficient semsitivity, dynamic range and linearity to support the processor's
capability to produce the five levels of weather data corresponding to the
standard National Weather Service (NWS) values (i.e., levels 2 through €& are;
130 dBZ, )41 dBZ, )4€ dBI, )5@ dEI, and )57 dBI) and to permit the processing
of weather irn ground clutter areas as discussed in 3.5.12.3. In the event
that the centractor elects to use the receiver(s) used for the airecraft
detection to provide data to the weather processing function, all performance
requirements for weather and aircraft detection and false reports shall be met
simultarecusly.

3.5.12.2.1 Radar Remcte Weather Display Svstem (RRWDS) Output.- A separate
videa weather output shall be provided for use by the RRWDS digitizer. This
output shall be taken fallowing the clutter suppression and mapping functions
specified in 3.5.1&8.3.1, with conversion to analog log video being provided.
The analog leg video cutput shall be in a form that will permit the RRWDS
digitizer to accurately threshold to the five weather data levels
corresponding to the standard NWS values. Bround clutter processing is
required for this cutput. The analog log video output shall be normalized to
a R"* pain correcticon. The interface requirements for the RRWDS are defined
in 3.5.19.
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3.5.12.3 Weather Processcr.— The Weather Processor (WP) shall perform three
functions.

(a) The separation of weather returns from ground clutter.

(b) The sampling and thresholding of the weather at any of three
selectable weather levels of the afocrementicned five NWS levels.

() The reporting of the weather in a method compatible with the ARTCC
message format.

The WP shall be capable of distinguishirg between weather returns and jamming
signals. It shall not report jamming as weather.

2.5.12. 3, WP Bround Clutter Suppression.- The WP ground or sea clutter
suppression shall provide the capability for measuring weather parameters in

the preserce of ground and sea clutter. It shall address the following
clutter levels so as to maximize the weather reporting accuracy when competing
with these envirocrnments:

(a) Oo (-2@dB ground clutter for mountains
{b) 0o (-23dB ground clutter for wocded hills
{c) oo (-28dB, 34dB, and 45dB ground clutter for lowlands with
grazing angles of S, 1, and @.1 degrees, respectively, for the 1@ knot
spectral density curve of Figure RS in Appendix A.
(d) 0o {(nx for sea state § (Tahle A4 in Appendix A)
For cells exceeding the levels specified above, fixed map censoring shall be

provided. A capability shall be provided to alter this fixed map censoring by
a field adjustment.
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2.5.12. 2.2 Weather Averaging and Thresholding.- The WP shall average the
weather data in both range and azimuth so as to provide the overall accuracy
required and minimize isclated aircraft or point targets and to eliminate
isclated missing data points from a contiguous stream of data. The averaging
shall take place over a symmetrical sliding range block of not more than

one v in range and over one beamwidth in azimuth. The averape weather data
shall be calculated once every 8.25 nm. The averapge intensity estimates for
gach Q.25 rm shall be compared to five thresholds corresponding to standard
NWS weather levels 2, 3, 4, S and &, over the range interval from 5 nm to
202 rm. The overall accuracy of the measured weather at each threshcold shall
be within +/-2dB for levels 2 through 6 from 3 to 168 nm and for levels that
exceed 1@ dB weather to rnoise ratio from 160 to 20@ rm. The clutter model
parameters for weather (Appendix A) shall be used to establish the extent of
team filling at each location for actual site elevation and latitude
envircrment for areas free of ground clutter. This accuracy requirement shall
be met taking into consideration all system errors. Errors irnduced by the
specified ground clutter suppression and clutter residue shall be considered
acceptable. An automatic calibration technique shall be provided to maintain
the specified accuracy in the event that system parameters vary over time.
The system must maintain its accuracy with any combination of transmit
waveforms that may be used.

-

3.5.18.3. 3 Weather Data Reporting.- Feor reporting purposes the three
thresholds (referenced to the NWS levels) selected shall be referred to as A,
E, and C, with A being the threshald for the lowest weather level, E and C the
higher threshold levels., Weather data output shall be transmitted every scan
o on alternate scans. The data shall be able to be interlaced such that all
of the messages for a given threshold's data are transmitted in a single scan,
or are uniformly divided in azimuth over three anterma scans. The reported
thresholds shall be independently field selectable. Thus, it shall be
possible to configure the WP to report thresholds A, B and C on an alternate
scarn scheme with the three scan interlace as follows: OARARARZEDBABACACAC
where "@" indicates that rno weather data was transmitted on that scani and the
letters A, B and C indicate the three scans required to transmit the complete
arimuth-interlared cortour data for each threshold. This interlace requires
18 antenna scans to completely transmit the weather data. R continuous report
of a 3-scan interlace scheme of these same thresholds would be RAABBBCCC.
This interlace requires nine antermna scans to completely transmit the weather
data. The contral of interlace, continuous or alternate scan reperting, and
selection of reportable thresholds shall be field selectable.
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The WP shall provide for improved azimuth reporting intervals at longer ranges
to maintain an approximately constant azimuth reporting density aver the
entire coverapge area of the radar display. Two such reporting intervals shall
be available for each of the three reported thresholds. Selection of the low
ar high interval for each of the three reported thresholds, referenced to the
NWS levels, shall be field adjustable. The spacing between adjacent report
azimuths as a function of report range shall be as follows:

Range High Interval# Low Interval#
{rim) {degrees) {degrees)
S - 49 5.6 2.8
42 - 8@ 2.8 i. 4
80 - 136 1.4 2.7
136 - 2S@ 2.7 Q.35
* Azimuth reporting interval relates to the output format for

display purposes only.

The processcr shall compare separately for each threshold level selected to be
reported the threshold cutputs within one-half the azimuth reporting interval
on either side of a given report azimuth. For each block of weather the
shortest range of each threshold cutput within the azimuth reparting interval
shall be used as the start range for the weather message for the associated
report azimuth. Similarly, the longest range of each threshold output within
the azimuth reporting interval shall be used as the stop range for the weather
message for the associated report azimuth.

2.5.12.3.3.1 Weather Range Discriminatign.- The WP shall include a weather
range discrimiraticon function which inhibits the reporting of those areas
betweer adjacent weather cells which are smaller in range than a selected
value. If, for a reportable azimuth, two or more separate weather cells are
detected such that the start range of the cell at the greater distance occurs
within a selected rarge interval of the stop range of the closer cell, the
stop range of the earlier cell and the start range of the later cell shall be
ignored and the greater stop range used in the reported message. These
sperations shall be able to be chained together over the full weather
contouring range to permit the reporting of a storm with small holes (in the
range dimension) as a single block of weather. The discrimination value shall
be variable freom zero to at least 15.5 nm in 2.5 nm increments, and shall be
field adjustable.
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3.5.12.2.3.2 Weather Contouring Range.- The WP shall be able to modify the

start range of the weather messape to reflect the detected weather start range
or a weather minimum range, whichever value is greater. Similarly, the stop
range shall reflect the detected weather stop range or a weather maximum
range, whichever is the smaller. The weather minimum contouring ranpe shall
be field adjustable from S nm to at least 32 nm in increments of 1.0 nm or
lmss. The weather maximum contouring range shall be field adjustable from

S nm to the maximum processing range of 25¢ nm in increments of 1.8 nm or
less.

2,5,12.3.3.2 Weather Processor Output.—- The output of the WP shall feed the
formatter (3.5.13). An analog log video output shall be provided for the
RRWDS per 3.5.12.2.1 and 3.5.19.

3.5.13 Output Interface Message Formatting.- The RRSR-4 is required to
interface with several users simultaneously, each with a different messape
format. Figure 3-4 is a simplified example of what could occur during the
transition from the current RRTCCs to Rrea Control Facilities (RCFs). Dther
centers and other users (USAF, United States Navy (USN), customs, etc.) shall
be receiving data at the same time. For illustration purposes, only 13 of the
20 required ports are shown in use, a port being a modem attachment point. A
port, modem, and communications link form a data transmission channel.

When initially installed, the ARSR-4 will be "plug compatible” ‘with the
current ARTCC, SOCC, and U. S. Navy Fleet Area Control and Surveillance
Facility (FRCSFAC) interfaces. This requires that the ARSR-4 output format be
equivalent to the CD-2 output format [3.S.13(h)]. An extended CD-2 format
will be used for the military user outputs to accommodate the height data. Rs
the FRAR National Rirspace System evolves, and the ARdvanced Rutomation System
is installed, the format for messages being transmitted to the RCF will be
modified as specified in 3.5.13.4 herein.

A1l DOD user interfaces will be identical. Additionally, all DOD users will
have the USAF USER bit set.

A message formatting function, which will also be referred to as the formatter
herein, shall be provided for each ARSR-4. The formatter shall provide all of
the following features as a minimum.

{a) Provide message data in digital form to modems operating at 2,400
to 56,000 bits per second (bps). Each port shall be capable of
asynchronous and synchronous operation
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(b)

{c)

(d)

{e)

(f)

{g)

FRA-E-~2763b
September 30, 1950

Provide & minimum of twenty (28) output ports, each one capable of
being independently programmable (site selectable/adjustable) in
such a manrer as to allow any or all ARSR-4 data products
(excluding RMS date) to be outputted from each port (e.g., each
transmission word independently structured so that any data can or
cannot be sent to a particular user), Five of the 22 ports shall
simultanecusly be EIE-RS-232, EIR-RS-422, and EIR-RS-530
compatible as specified in 3.5.22, Nine of the ports shall be
ElA-RE-222 compatible only, and six of the ports shall be
EIR-RS-530 compatible only.

Each port shall be capable of outputting messapes consisting of
words that are 13 bits to 16 bits long (e.g., so that the range
word LSB can be changed from 1/4 nm increment to an LSB of 1/8 or
1/16 nm increment without changing the range word MSB).
Additionally, each port shall be capable of ocutputting data in a
format compatible with ADCCP per ANS! X3.66. The formatter shall
be designed to process and output data messages with minimum
lengths of 256 bits.

The 1/0 characteristics of the interface device are per R5-530
{SR) with the RRSR-4 being defined as a DTE. Dnly the RS-538
ports, designated as military ports via FAPs, shall be capable of
operation with the KG-84Cs. Each port shall be independe%tly
programmable to clock data out of the RRSR-4 at any rate from
2,400 to 56,000 bps in 200 bps increments. Clocks are always
provided by EIE. Each port shall be capable of operation in full
duplex with the KG-84C red interface connector.

Each port shall be terminated when not in use and shall be
isolated from all other ports so as not to contaminate other data
to other users.

The formatter shall be capable of paralleling up to 4 ocutput ports
for any user (one, two, three, or four ports to any user) in the
event that the single channel rate is too slow for the amount of
data to be transmitted. The data load shall be distributed evenly

over the paralleled ports.

The contractor shall supply three commercially available modems
with 4800 bps automatic dial-up capability. The modems shall be
connected to three formatter output ports for target data
transmission to other facilities for coverape analysis. Data
requests to these modems shall be inhibited and access (on-off)
field selectable for system security. Provisions shall be made to
bypass the dial-up feature if needed, and the modems shall be
easily bypassed soc that the output ports may be used as specified
for the other 17 output ports.
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(h) The message content and format at the time of delivery shall be a
modified version of the CD-2 messape format (FRA-E-2679). The
Government shall provide the contractor detailed message format
information, on contractor's written request, 9@ days prior to
epach system delivery, Design of the formatter shall permit
independently programmable outputs at each port (e.g. ability to
control the combination of data messages from each port) as
specified in part (c) above, and the ability to change the
individual word (or field) format and size shall be provided. All
digital data produced in the ARSR~4 shall be available at any
output port through reprogramming action. The contractor shall
provide stringent controls prohibiting unauthorized access to
classified data via the message formatter and RMS.

(i) Delay requirements specified in paragraph 3.4.1.14 and software
spare requirements specified in paragraph 3.11.10 shall be met
assuming eight users as described below:

(1) Two ACF users with three ports dedicated to each user and
using the same SAMF format;

(2) One ARTCC user with three ports dedicated to this user and
using the CD-2 format with weather datas

(3 Three military users with twc ports dedicated to each user
and using the CD-2 format without weather data and with the
Military Map messagei

{4) Ore weather user with the port dedicated to this user and
the weather being reported in the CD-2 formats

{(9) One additional user with three ports dedicated to this user
and using the CD-2 format with weather data.

Additionally, it can be assumed that there are 12 military map sectors
enabled, three military target type filters enabled, three 15 degree Mode 4
inhibit sectors enabled, and that the three field selectable sectors described
in paragraph 3.5.11,1(c) and (d) are enabled.

3.5.12.1 Radar to SOCC Digital Radar Messages.- When initially installed,
digital radar messages transmitted from the ARSR-4 to the SOCC shall employ a

modified version of the format used by the FRR in transmitting radar data to
ARTCCs. This format and the message content for each format item is similar
to that specified in 3.5.13(h).
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The output data provided to the ports assigned tc the military shall consist
of complete messages. In no instance shall a single messapge be split into
parts and sent over more than one data charmel. The messages are broken into
13-bit transmission words, each cornsisting of 12 data bits and an odd parity
bit. The first transmission word in all messages contains special control
flags and a message label that irndicates the message type. Whernever valid
message data are not being transmitted, successive idle messages are to be
trarnsmitted. This idle messape is alsc transmitted betweern messages. The
protocol, including parity and idle message gerneration, shall be the same for
the military output data charnels as for the FAR ocutputs., All USAF messages
shall have the USAF users bit set. The formatter shall be capable of deleting
all USAF messages by selected categories (search only, beacon only, or
beacon/search reinforced messages) from transmission to the SOCC in three
independent sectors, field adjustable ard selectable in range and azimuth in
cne degree and one nm increments.

3.5.13.1.1 S0CC t= Radar Reguest Messapes.- Data requests from the S0CC to
the ARSR-4 are Mode 4 interropation requests and shall utilize the 91-bit
format specified in 3.5.13(h) at a 2,400 to 56,000 bps rate. The messape
content for each format item is similar to that specified in 3.5.13(h}. When
& Mode 4 interrogation reqguest is not being transmitted, idle messages shall
be continucusly trarnsmitted. An idle message will alsc be transmitted between
each message of multiple requests. These messages shall be evaluated and the
requests forwarded to the Mode 4 processing function.

2.5.13.1. 2 Military Messagpe Output EBuffering and Modem Control.- The ARSR-4
message formatter shall regulate the processing of military messages so as to
provide a free flow of each type of data through the formatter and interface
device (3.5.80) to the USAF modems, regardless of the proportion of one type
of data to arcther. Because of uneven distribution of aircraft population,
more target reports will be gererated at times than the transmission
facilities can accommodate. Therefore, provisions shall be made for the
future implementation of up to 56,00@ bps modems. Aecordingly, the formatter
shall cortain a military message cutput buffer for temporary storage of final
reports and messages in the output format until ocne of the military output
charnnels is ready to accept ancther messape. The formatter military messapge
cutput buffer shall use a modified first—in, first-out control algorithm such
that all messapes with a high priority are transferred from the buffer before
any with a lower priority. USAF high priority messages shall be validated
beacor emergency (codes 750@, 7888, or 770@) reports, military emergency,
strobe reports, Mode 4 reports, and Mode 4 loop test., All other messages
shzll have lower priocrity. Separate military messape buffer overload and
overflow signals shall indicate when the buffer reaches approximately 735
percent and 98 percent of capacity, respectively. USAF map messages shall be
prohibited from entering the queue when the overload condition is present, and
ail except status messages shall be inhibited during the military message
overflow condition. The military message buffer shall be able to hold at
lo2ast SQQ commor format messages in any proportion.
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The ARSR-4 messages shall be available for transmission from the ARSR-4 1.0
seconds, as specified in 3.4.1.14, after the target enters the boresight of
the ARSR-4 transmission beam. There will be times when the capacity of the
data channel will be insufficient to immediately forward all messages and a
queue build up in the cutput buffer will cccur. The military message buffer
cemtrol algorithm shall keep track of the length of time each message is in
the queue, using increments of 125 msec or less. The Maximum Time-In-Storage
(TISmax) value shall be field adjustable in increments of 125 msec or less
over a range of from less than 8.25 sec to at least 6.0 sec. RAs each message
is readied for transfer from the buffer, the time spent in the queue shall be
calculated. If this TIS is greater than the value TISmax, the message shall
be declared as "old data." Such messages shall not be transferred to the
interface device and modems nor shall they remain in the buffer. The number
of these "old data" messages generated each scan shall be reported to the RMS.
1f the TIS is equal to or less than TISmax, the message shall be transferred
to the inmterface device and modem with the storage time appended as provided
for in the message format.

The formatter shall regulate the acress of the USAF ports to the military
message ocutput buffer memory. Access shall be implemented such that the data
transmission rate of any USAF channel is not restricted by the formatter. "It
shall be possible to enable or disable any of the USAF ports through a field
selectable contral. The transfer of messages to the interface device and
modem, inserticn of parity bits, idle message gerneraticn, bit output transfer
requirements, military message output service, and USAF modem alarm detection
furctions in the formatter shall be the same as those specified in 3.5.13.2.1.
The formatter military message cutput service and modem alarms shall be
separately reported from those for FAR message output service and modem
alarms.

.13.2 FBA Message Formats.- As delivered, digital radar messages
transm1tted from the ARSR-4 to the ARTCC shall employ the format specified in
2.5.13(h). Weather reports shall be transmitted in addition to these
messages. The output data provided to the ports assigned to the FRA shall
consist of complete messages. In nco instance shall a single messape be split
into parts and sent over more than one data channel. The messages are broken
inte 13-bit transmission words, each consisting of 12 data bits and an odd
parity bit. The first transmission word in all messages shall contain special
control flags and a message label that indicates the message type. Whenever
valid message data are rnot being transmitted, successive idle messages are
transmitted. This idle message is alsc transmitted between messages.
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2.5.13.2.1 FAR Message Output Buffering and Modem Control.- ALl messages
provided to the ports assigred to the FAR shall have the FRA users bit set.
Because of the unever distribution of the aircraft population and weather
echoes, more target reports and weather messages will be penerated at times
than the data transmission facilities can accommodate. Accordingly, the
formatter shall corntain an FRAR message output buffer for temporary storage of
final reports and messages until one of the FRA ports is ready to accept
another message. The buffer shall use a modified first-in, first-cut control
algorithm such that all messages with a high priority are transferred from the
buffer before any with a low priority. High priority FAA messages shall be
validated beacon emergercy (codes 7583, 7608 or 770Q) reports, strobe reports,
and search RTGC reports. RI1 other messages shall have lower priority. The
buffer shall be able to hold at least 500 common format messages in any
proportion, Separate buffer overload and overflow signals shall indicate the
status of the buffer.

The FAA message overload signal shall be generated by an algorithm that is a
function of both the time it takes a message to transit the buffer (see TIS
below) and the instantarecus quantity of messages in the queue. ODther
parameters such as message type shall be considered by the algorithm as well.
This algorithm shall be designed to minimize the loss of beacon targets (as
contrasted with other low pricrity tarpgets) under high data generation/low
sutput capacity conditions. The FRA messapge buffer overload and overflow
signals shall indicate when the buffer reaches approximately 73 percent and 98
percent of its capacity, respectively. Map (weather) messages shall be
prohibited from entering the gqueue when the overload condition is present, and
all except status messages shall be irhibited during the FRR message overflow
pondition.

The ARSR-4 messages shall be available for transmission from the ARSR-4 1.5
seconds, as specified in 3.4.1.14, after the target enters the boresight of
the ARSR-4 transmission beam. There will be times wher the capacity of the
data charnel will be insufficient to immediately forward all messapes and a
gquene build up in the output buffer will occur. The FAR messapge buffer
control algorithm shall keep track of the length of time each message is in
the queue, using increments of 125 msec or less. The TISmax value shall be
field adjustable in increments of 125 msec or less over a range of from less
than Q.25 sec tc at least 6.0 sec. Rs each message is readied for transfer
from the buffer, the time spent in the gueue shall be calculated. If this TIS
is greater than the value TISmax, the message shall be declared as “"old
data." Such messages shall rot be transferred to the modems ror shall they
remain in the buffer. The number of these "old data” messages generated each
scan shall be reported to the RMS. If the TIS is equal to or less than
T1Smax, the message shall be transferred to the FRRA modem with the storage
time appended as provided for in the common message format.
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The formatter shall regulate the access of each of the ports assigned to the
FAR message output buffer memory. Access shall be implemented such that the
data transmissicn rate of any FRA charrels is not restricted by the ARSR-4
formatter. The throughput of the ARSR-4 formatter shall be limited only by
the capacity of the data transmission equipment. It shall be possible to
separately enable or disable any of the ports assigned to the FRAR by field
adjustment. A complete message shall be transferred from the FRA message
output buffer to a temporary memory associated with an available FAR modem
charmnel as contrclled by the cutput buffer pricority algorithm. An odd parity
bit shall be inserted at the end of each field in the message before or during
this transfer. The data bits shall be provided tc the FAA modem as specified
in 3.5.13(h). The even—parity idle message shall be transmitted once between
successive messages on a given FAR output channel. It shall be transmitted
continuocusly only if message data are not available for transmission., When
more than one port assigned to the FAR is enabled and functicning correctly,
the available FAA messages shall be divided evenly between the available
cutputs with respect to both message type and quantity, except that the ARSR-4
formatter’s throughput shall not be degraded by this requirement.

A separate FAR message cutput service alarm shall be provided for each ARSR-4
port assigned to the FRA. It shall be set whenever that port has not
transmitted a data bit in response to a modem clock pulse by the time of the
trailing edge of that pulse, or when the port is otherwise operational, but
cannot obtain a new message from the (norempty) FAA message buffer within one
field time. In the former instance, and alsc when an operational port
assigred to the FAR is manually disabled or incapacitated by the failure of
cane or more modem clock signals, the message formatter shall generate an FAA
modem alarm. ’

2.5.12.3 Not Used.-
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3.5.13.4 Future Reguirements.- The message format and content as described
hereirn are those that will be required to interface with the ARTCCs and SOCCs
when the ARSR-4 is delivered. As the FAAR National Airspace System evolves,
the ARSR-4 will be required to supply surveillance data to ACF containing the
Advanced Automation System. This will require a change in the FRR message
Format. There will be periods of time wher one ARSR-4 will be required to
supply both the ARTCC and ACF, simultanecusly.

3.5.13.4.1 Additicral Memory and Processing Capacitv.- In addition to the
capacity included to meet formatting requirements herein, each ARSR-4 shall
cortain sufficient spare memory and processing capacity to simultaneously
prepare and distribute messages for both the ARTCCs, as described herein, and
the Prea Comtrol Facility. The Area Control Facility messages shall require
at least 75 percent more bits than the ARTCC messapes. 1f required, less than
10, 002 Bytes from the additicnal storage capacity (3.11.1@) may be used while
the transition from the ARTCCs to ACFs occurs.

After Phase II testing, 10@ percent of spare memory processing capacity shall
remain unused in the ARSR-4. At the completion of Phase IV testing, each
ORSR-4 shall have a minimum of 32 percent of spare memcry remaining unused.

3.5.13.4.2 Future Messape Contents.- The ARSR-4 shall provide surveillance
data to the FRA's ACF arid shall be in the Surveillance Advanced Messapge Format
(SAMF) as defined in IRD NAS-IR-21013422, revised by IR 10033-081, when the
ARSR-4 is interfaced with the ATCBI-S.

When the ARSR-4 is interfaced with the Mode S, the Mode S shall output all
data to the ACF. The ARSR-4 shall provide to the Mode § all the surveillance
data needed to meet the requirements of 3.5.18 herein and IRD NARS-IR-34260023.
The cutputs to the military users in the Mode S configuration shall remain as
a function of the ARSR-4 formatter.

In additicon to the aforementioned ocutput message requirements, the ARSR-4
shall be capable of providing additional data to either the FAR users or
Military users, or both to be used in future implemertations. As a minimum,
these shall include the followings

(a) Time of target reception referenced to the time of year clock.

(b} Doppler filter number (for each PRF), if available
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(c)

(d)

{e)

()

Report Quality - Report quality is an estimate (on a scale of zers
to seven) of the probability that the target report is not the
result of system noise.

Report Confidence - Report confidence is an estimate (on a scale
of zero to seven) of the probability that tarpet report is the
result of a true target.

Three (selectable) and five NWS levels of weather data with up to
a twelve second update rate sent to the Mode S, which will be
cutputted to the ACF by Mode 8% and sent to the ARSR-4 output
message formatter for transmission to the ARTCC, during ACF/ARTCC
transition, and possible other users needing weather data.

All other ARSR-4 generated data specified herein, where the CD-2
message format does rnot accommodate, shall be provided to the
message formatter for future implementation. Examples of this
type of data are the strobe amplitude information, strobe
elevation angle informaticon, second functior scan to scan
correlator information, increased range accuracy LSE information,
increased azimuth accuracy- (IACP data) LSE information, ete.

S:5.13.4.3 Qutput Formats.- Separate cutput formats for each port shall be
provided, accommodating all of the possible aforementioned capabilities.

2.5.13. 4. 4

Future Configuration.- The ARSR-4 design shall not inhibit the

configuration shown in Figure 3-S5 below from operating. In the event the

Mzde § processor fails, the ARSR-4 shall reconfigure in the same manner
specified in 3.3.18.86. Figure 3-5 does not imply any preferred physical block
diagram and is cnly included to aid the contractor’s understanding of the
furnctional relationship required.
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3.5.13.5 Time of Year Cluck.- The ARSR-4 shall include a real time system
clock which provides the time of year. The clock shall usually display time
of year in decimal digits. It shall display the day of the year, hours of the
day (through 24 hours), minutes, and seconds. The clock shall reference a
Universal Time Standard with an accuracy of +/-5.8 msec, and shall have the
ability of sustaining that accuracy over a period of at least 180 days.
Additionally, the Time of Year Clock shall have an external synchronization
capability to drive the clock from an external time source or externally drive
cther clocks.

3.5.13.5.1 Time of Year Clock Euffered Outputs.- The clock shall provide
buffered outputs at which the time code shall be available. The outputs shall
consist of day, hour, minute, secords, and seven bits of fractional seconds
(LSB ¢ 1/128 sec). Additionally, the clock shall have the capability of
interfacing with the output of search target extraction and beacon target
processing functions so that time tags can be placed on each outgeing message
so that time of detection for each target can be established. The formatter
shall have the capability to output target messages with or without time tags
and shall alsc use the time tags to establish TIS.

2.5.14  Not used.-

%,5.15  Remcte Monitoring Subsystem (RMS).- The ARSR-4 shall include a remote
monitaring subsystem providing the capability of monitoring the operational
status and key performance parameters of the ARSR-4 as well as adjusting
performance in response to changes in the external environment or local
zquipment failures. Operaticnal requirements for the total remote maintenance
monitoring system (RMMS) and the local equipment RMS are given in NAS-MD-732.
Functicnal requiremerts for the RMS are detailed in NAS-MD-793.

3.5.15.1 Monitor and Alarm.- The radar RMS shall continuously menitor all
critical parameters to determine if the equipment is operating within
specified limits. Parameter values shall be compared with known values or
cperaticnal limits, and any deviation from the tolerance values shall be
flagged as alarms. The RMS shall have the capability of distinguishing
betweern two levels of alarms which are described in the following
subparagraphs. The RMS shall gererate a "return to normal® alarm when the
previcusly reported alarm condition returns the system to specified
sperational limits. The RMS shall have the capability to disable and enable
reporting of all alarms. An indication sent to the MPS of the alarm being
disabled shall be provided.

2.5.15.1.1 Dperaticnal Failure Alarms.- These alarms indicate that a system
performance failure has sccurred. They require immediate notification to the
monitoring facility. Performance failure includes degradation outside
prescribed limits or complete equipment failure. Failure of redundant units
shall be included in this category.
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2. 5.15. 1.2  Pre-Alarms.- This category, alsc defined as "soft alarms®,
indicates that system performance has degraded below a certain point,
predicting possible imminent failures. Pre-alarms include system performance
nearing maximum limits and subsystem failures not in themselves causing a
system performance failure. '

2.5.15.2 Remote Conmtrol.- This capability shall allow facility restoration
actions from a remote location. The equipment may be powered up or down,
switched from main to standby, etc., The RMS shall interpret messapes
containing remote control information and additionally have the ability to
attempt reset of equipment (on its own) before a failure is declared. The
monitoring facility shall be notified of the reset attempts.

The RMS shall complete remote control commands within twe secords averape and
five seconds maximum (99th percentile) measured from the time the command is
received by the RMS to the time the command execution is completed.

3.5.15.3  Performance Certification.—- The radar RMS shall, on a continuous
basis, monitor and store data pertaining to critical operating parameters.
This data shall be kept current by updating as soon as any change occurs. At
regular intervals the controlling site will automatically poll the facility
RMS to determine the current status. Polling on demand shall also be
available. In addition {0 passive mimitoring of parametric data, dynamic
performance tests shall be conducted to provide equipment condition and
operating data. These dynamic tests shall be automatic with the capability of
an aperator override.

2:5,19. 4 Diagrmmstics.- The RMS shall provide appropriate hardware, software,
and control signals to adjust the operatioral equipment and perform diagnostic
tests. These tests shall provide sufficient diagnostic and fault information
to assist specialists, both lacally and from a remote location, to locate
failing or failed LRUs, and to meet the requirements of 3. 4.4.4.

The RMS shall acknowledge the receipt of a valid diagnostic test command. The
test diagnostic command ackriowledgment shall be reported within two seconds
average and five seconds maximum (99th percentile) measured from the time the
diagriostic test command is received by the RMS until the time the diagnostic
test acknowledgment is ready for transmission to the concentrator (awaiting
poll).

The RMS shall ccllect and report diagnostic test results within 5@ seconds
average and four minutes maximum (92th percentile) measured from the time the
diagnostic test is initiated until the diagnostic test report is ready for
transmission to the concentrator (awaiting poll).
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2.5.15.5 Remcte Adjustments and Selection.- The RMS shall have the
capability of permitting adjustment of the equipment from a remote location.
Messages originating from the MPS will be passed through the
telecommunicat ions network to the radar RMS. Site adjustments shall be made
by means of a terminal, either the LDC terminal {3.5.16) or a portable
terminal® (EIE), connected to the RMS. All parameters that are specified as
field adjustable or selectable shall be capable of being adjusted ¢r selected
at a remote location as well as at the radar site.

* The portable terminal specified herein will be a computer terminal
provided by the Government which will be used by a technician to
interface with the ARSR-4 RMS. Its interface requirements are
specified in 3.35.15.7.

Any or all changes in cperating parameters induced by the automatic contrals
shall not cause ARSR-4 performance to degrade below the performance level
requirements stated herein. All changes in cperating parameters induced by
any manual contrcls shall be reported to the MPS for recording.

2.5.15. 6 Net Used.-

3.5.15.7 Remote Maintenance Monitcring (RMM) Irterfaces.- The external
interface standard shall be EIA-RS-232, 2402 bps or higher, selectable channel
data rate, and synchronous transmission. The protocol standard shall be a
subset of ANSI X3.66 ADCCR, Synchronous Data Link Control (SDLC) frame (Normal

Response Mode with Primary or Secordary station) using a "Data Point Transfer
Message" embedded in the SDLC data field as defined in NAS-MD-79@.

3.5.15.7.1 Interface Control Document (ICD).- External interfaces of
equipment shall be designed to meet all elactrical interface requirements for
data excharge, timing, and data link contrcl procedures for bit oriented data
link interchanges as specified in NAS-MD-73@8. The standards specified therein
are applicable in their entirety to the interface between gequipment RMS and
concentrator (EIE), and between RMS and MPS. The interface between the RMS
and portable terminal shall be asynchroncus and shall conform to EIR-RS-232.
Requirements for the portable terminal interface protacol standard shall be
submitted by the conmtractor and approved by the Government.

The RMS shall have a "lock-out" feature in which any remote control via RMMS
is disabled. Additicnally, the ARSR-4 RMS shall notify the MPS that the
cortrol of the ARSR-4 is under local contrcl by either a portable terminal or
the ARSR-4 LDC (3.35.1E.8).

3.5.15.7.1.1 Pertable Terminal Messages.- The RMS shall provide for the
transfer of messages from the uplink concentrator to the partable terminal or
from the portable terminal to the uplink cencentrator.  The RMS shall be
capable of transferring messages of up to 4096 bytes to or from the portable
terminal in an average time of five seconds to a maximum time (39th
percentile) of eight seconds.
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2.5.15.7. 2 Interface Definition.- The contractor shall supply the following
interface information to the Government.

Item NARS-MD-79@ Reference
Link level address 3.2
Logical unit address and names S. 2.2
Additional messapge functicn codes
over and above NRS-MD-738 requirements 331

Data point identifications and names
{arranged by logical unit)
{1} Rarge and value identification
(2) Normal/abnormal status
System specific commands
Format of downloadable data
Maximum number of retries for link level recovery

t-:!..am
e
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)

3.5.15.8 Radar Remote Monitoring Subsystem (RMS).- The radar RMS shall be
furnished as an integral part of the basic radar. It shall be desigred to
operate continucusly to ensure that ARSR-4 malfunctions are promptly detected
so that proper corrective mainternance can be performed. Intepration into the
radar system shall be such that a failure of the RMS equipment shall not cause
deterioration or loss of radar service. The RMS shall exert monitor and
contral functions on the radar equipment through a duplex communication
network to a MPS at a remote controlling point. The RMS shall utilize an EIR-
RS-232 port to communicate with the external communications network.

3.5.15.8.1 RMS Processor.— The RMS Processor used in the radar RMS shall have
the speed and capability to perform the required tasks. An automatically
switchable redundant RMS Processor shall be provided. The computer shall
provide sufficient 1/0 channels, plus 1@ percent unused spares, to interface
with the following:

{a) Al1 required radar test points and control functions (3.5.15.8.6).

(b) The LDC printer, keyboard, and display (3.8.16)

{c) The data extraction subsystem and tape recorder (3.5.235)

{d) The printer (3.35.16)

{e) The portable terminal (EIE)

(f) The site concentrator (EIE)
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The software requirements of this specification shall apply to this prcocessor.
The RMS Processor shall incorporate EIA-RS-2322 interface capability, ANSI X3.4
ASCII code compatibility, and IEEE-488 programmable instrumentation
capability. Spare memory shall be provided by the contractor in accordance
with 3.11,1@.

A commercially available processor may be used for the RMS Processor provided
all reliability/maintainability/availability requirements stated herein are
achieved ard it is proven to the Goverrment as meeting those requirements.

An 1/0 port, compatible with the RMS Processor, shall be made available at the
input and output of all major processing functicns within the ARSR-4. Search
radar target amplitude information shall be made available on all or any
number of selected live or test targets.

3.5.15.8.2 Or-lire/Off-line Monitoring and Diagnostics.- The RMS shall

cont inuwously monitor the performance of all on-line ARSR-4 subsystems, and on
a roninterferring basis with the processing of on-line data, perform
sufficient tests to ascertain that the subsystems have not degraded. Any
standby subsystem, when in an off-line status, shall have performance
moniitoring testing in the same marrer as the on—line subsystems. When in
maintenance status, performance monitoring of standby equipment shall be
disabled and no alarms generated. The RMS shall include software
instructions, resident in firmware, to exercise each and every digital and
analog subsystem and its interfaces. The purpose of this firmware shall be teo
conduct analysis of the entire radar system performance in an off-line mode.
The on-line diagrnostic firmware shall isclate faults to the levels specified
in 3.4.4.4, More detailed off-line diagnostics shall be provided as required
to meet the system restoration time. The capability to select and initiate
off-line diagnostics shall be field selectable, and the capability to print
and display off-line diagnostic data on the LDC (3.5.16) or the portable
terminal (EIE) shall be provided. Displayed results of diagnostics shall be
easily understocd without the need to refer to documentaticn. Provisions
shall be incorporated to lock at target processing at various stages in the
video processing chain. These points shall be brought to test connectors and
shall be capable of being accessed by external test equipment and the LDC
(Z.59.16).
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3.5.15.8.3 Search Test Target Generator (STTG).- A STTG shall be included as
part of the Radar RMS/BITE subsystem. t shall be under software contrel and
be field adjustable except for the RTQC. The range, start azimuth, runlength,
and number of targets shall be selectable. The STTG shall supply Radio
Frequency (RF) and Intermediate Frequency (IF) signals derived from receiver
Reference Frequency sources, and shall not require retuning if the receiver
frequency is changed. The STTG shall not interfere with the operation of the
receiver. Isclation of the STTG shall be such that it shall not degrade the
operation of the receiver regarcless of the failure mode of the STIG. The RF
level introduced by the STTG at any point in the receiver channel when the
test target pulse is switched off shall be at least 70 dB below the test
target amplitude setting, and below system noise. The STTG shall be used to
provide test targets for diagnostics, testing system capacity, and testing
equipment performance.

3.5.15.8.3.1 Target Tvpes.- The following modes of target generation shall
be included in the STTG design.

for RTQC (digital for on-line operationm)

ct

(a) Targe

(b) trobe target (video for maintenance operation)
(c) Ring targets (RF for maintenance operation)

(d) Weather targets (IF for maintenance operation)
(e) RF and IF targets (for performance monitoring)

3.5.15.8.3.2 Real Time Quality Control (RTQC) Target.- A test target shall
be generated that is adjustable in range, azimuth, and height as follows.

(a) Range 0 - 1.5mm

(b) Azimuth of first hit 359 - 1 degree

(c) Azimuth extent 60 - 70 ACPs

(d) Height 10,000 - 40,000 feet

This target shall be generated once per scan and shall be fixed in range,
azimuth, and height. Normal target input to the point where these targets are
inserted shall be inhibited for the test target range cell and over the test
target azimuth extent. The test target information shall be processed in the
same manner as any other search target information except that runlength
rejection shall be bypassed, and the resultant system output message shall
have the test target flag set. Although this test target is generated
primarily for use in the central processor at the ARTCC and SOCC, it shall
also be used in monitoring the radar digital processor to detect local
malfunctions in the processing chain.
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3.5.15.8.3.3 Strobe and Ring Targets.- A total possible population of evenly
distributed targets, every 10 nm in range by 32 targets in azimuth (800 total
targets), shall be capable of being generated by the STTG when the radar is in
an off-line maintenance mode. Field adjustment of the number of targets in
range and azimuth shall be possible in order to generate strobe or ring
targets in numbers up to 50 percent greater than specified system capacity.
The location of strobe and ring targets shall be capable of being positioned
over the full range and azimuth of the ARSR-4. All targets in the selected
mode shall be capable of being modulated in phase to appropriately excite the
clutter processor being used, therefore, simulating fixed (zero velocity)
targets or moving targets (variable to an optimum velocity). The targets
shall be field adjustable in width from 1 ACP to 40 ACPs. The selected
population of targets shall be field adjustable in range or azimuth every scan
to simulate speeds of 0, 100, or 500 knots. Simulation of speed by change in
azimuth shall assume a range of 100 nm. Targets at other ranges shall be given
the same angular velocity as those at 100 nm.

3.5.15.8.3.4 Weather Targets.- The STTG shall generate two calibrated CW IF
weather targets independently field adjustable in amplitude in 1 dB steps from
noise to 3 dB below the level required to saturate the A/D with no STC. The
calibrated amplitude shall be the amplitude sensed for a weather storm at

100 nm with no STC. Amplitude shall vary in range only as a function of STC.
If the normal transmit waveform is made up of subpulses at different RF
frequencies and the weather processor only uses one of the subpulses at a
given range as part of the weather detection process, then the single IF
frequency (corresponding to one of the RF subpulses) at which the weather
target shall be injected shall be field selectable. The range extent of each
simulated weather target shall be field adjustable from 5 to 245 nm in 1 nm
steps. The simulated weather targets shall be field adjustable in azimuth
width from 1.4 degrees to 360 degrees in 1.4 degree increments. The center of
each simulated weather target shall be capable of being positioned by field
adjustment anywhere in the radar coverage in increments of 1.4 degrees and

1] nm. The mean doppler of the weather targets shall be field adjustable from
-50 to +50 knots in 1 knot increments. Weather targets shall only be injected
when the weather channel is in the Maintenance Mode. Weather targets shall
normally be injected into only the weather channel. For maintenance purposes,
a means shall be provided at the site to inject the weather targets into ome
of the target receive channels in addition to weather channel.
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2.5.15.8.3.5 RF and IF Performance Monitoring Tarpets.- Suitable tarpets
shall be generated orn a continual basis, in additiocn to the RTGC tarpgets, to
provide a constant monitor of system performance. They shall be RF, IF, or
videx, as needed, and shall normally be injected during the radar dead time sco
as not to interfere with the RTQUC target and normal operation. These targets
shall be used for diagrostics, as well as performance monitoring, and shall be
field adjustable. The RF output of the STTG shall be capable of being varied
indeperdertly in phase and in amplitude over the dynamic range of the
receiver. The test targets shall simulate velocities from zero to +/-3,008
knots, adjustable irn ome knot increments. Amplitude adjustments shall be in

1 dE steps within the dynamic rarge of the Analog to Digital (R/D) converters
antd shall noct cause phase changes. Phase adjustments shall not cause a change
in the amplitude of the test targets. A moving target or targets capable of
beirng pusitioned anywhere within the coverage area, continucusly adjustable in
velocity from @ to 3,802 krots and height from B to 108,802 ft shall be
generated. These targets shall be usable for checking the scan to scan
correlation. These targets shall be injected into each elevation beam receive
line for use in checking and aligning the analog and digital height function
of the radar. Egual and unegual signal levels shall be used to simulate
target returns above, below, and in the center of the beam cross-overs. The
field adjustable selection of target ingection shall be made by individual
beam and beam pairs. Performance parameters such as receiver sensitivity and
clutter processor performance [Subclutter Visibility (SCV) and Improvement
Factaorl shall be available orn request from the remcte and local RMM control.
The performance monitor test targets shall normally be set at a level and
extent recessary to provide automatic and on-request certification parameters
as listed in 3.5.15.8.&. If any certification parameter falls ocutside given
tolerarces, an alarm shall be verified within 18 seconds of its occurrence.
These targets shall also be used to detect possible faults in the entire
receiving/processing subsystem from the RF front end to modem drivers.
Indication (display and print) of the fault location (LRU or LRUs) shall be
available to the RMS processor and to both the local and remote control
points.

3.5.15.8.3.6 Corstant False RAlarm Rate (CFAR) Test.- If CFAR circuitry is
utilized in the ARSR-4, then suitable test targets shall be incorporated to
test that CFAR cperation.

2.5.15.8.4 Beacon Test Tarpet Generator.- Beacon test tarpgets shall be
gererated by a separate test target generator or may be incorporated in the
STTG, at the cortractor’s aoption. The following types of targets shall be
generated.
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3.5.15.8.4.1 Beacon RTGC Target.- A Beacon RTGC tarpet shall be inserted
with the reply video pulse train from the site beacon interrogator at the
beacon input to the ARSR-4. The beacon RTAC target shall be positioned in
dead time at a range of 1| nm and an azimuth of 180 degrees. The beacon RTGC
target shall have an azimuth extent equal to €4 ACPs and a field selectable
reply mode of 3/R, 2, or Cj all 1si or all @s. As with the search RTGC
target, the beaccor RTOC target is primarily used at the ARTCC or SOCC. It
shall bypass any runlength discrimination and have the test target flag set.
Beacon video shall be inhibited for test target range cells and over the
azimuth extent of the beacon RTAC target.

3.5.15.8.4.2 PBeacorn Operaticrnal Test Targets.- The following types of test
targets, under control of the RMS, shall be inserted into the BTP. The
cperaticmal BTP tests shall operate continucusly when the BTP is in the normal
operating mode. The insertion point and video parameters shall be field
adjustable. The test target gererator cutput for these operaticnal test
furctions shall not econmtain the test indicateor signal, but shall appear as
normal, live target data. External beacon video shall be inhibited for the
minimum time necessary to prevent interference or garbling of the test
signals. The test signals shall include the fellowing conditions at a
mivnimums

{a) Framing pulses with acceptable and unacceptable pulse spacings.

{b) Code pulses that are correctly and incorrectly located with
respect to both normal and wide framing pulses.

{c) Reply codes and range separations which verify the correct
elimination of phantom and C2-S5PI false brackets’ the proper
detection of interleaved, overlapped, and special military
repliesi and the correct correlation and range and azimuth
resolution of the replies by the target detection algorithm.

(d) Simulated Mode &, 3/AR, and C tarpets which verify the correct
operation of the target detection, code validation, code
transformation target positicn bias correction, military emergency
replies processing, SPI AND X-bit validation operation, processing
and reporting of beacorn emergency codes, and runlength processing
and encoding functions.
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The operational test targets shall be generated as close to the adapted BTP
maximum processing range as is possible and, in contrast with the RTQC test
targets, shall be for internal BTP status monitoring only. All test target
data shall be capable of being displayed and printed through the RMS on =
portable terminal and on the LDC; but shall not be transmitted to the modems.
The operational test shall detect any loss of data as the result of the
overflow or failure of any register, buffer, or complete memory subsystem
within the BTP. Normal adjustments of the BTP’s parameters such as beacon
offset, maximum range, runlength ciscrimination, and other similar parameters
shall not Zmpair the effectiveness or accuracy of the BTP operatiocnal test. A
complete operational test cycle shall be completed and the results updated at
lezst once every antennz scan.

The BTP and Mode 4 eguipmen:i shall generate a Mode 4 Test Target in less than
0.5 seconds after receipt of a Mode 4 Test Target message.

3.5.15.8.4.3 BTP Diapnostic Test.- The BTP's diagnostic test shall be able
to be initiated only when the subsystem is off-line. The BTP diagnostic test
shall be field selectablie. The diazgnostic test shall include the following as
a2 minimum:

(a) A check of all microprocessor operational memory to insure that

t+he correct data is in each memory location.
L)
(b) A thorough, rigorous check of all random-access and scratch-pad
memories tc ascerzain their operating conditioms.

{c) Verification of the correct operation of each computing unit in
the microprocessor/software module.

(d) Verification of the ability of the processor to process internal
data in the absence of external stimuli.

(e) Verification of the correct operation of the five alarm detection
features in the BTP [3.5.9.1.16(c)].

(£) Verification of the correct operation of the beacon strobe
processing and output message generation functions.

(g) Verification of correct Mode 4 operation using a closed-loop test
with Mode 4 equipment.

The test signals necessary for tests (e) through (g) above shall be generated,

inserted, and able to be displayed in the same manner as the BTP operational
test target signals.,
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3.5.15.8.5 Data Count Monitor.- A six digit decimal counter shall be
incorporated in the RMS for the purpose of measuring the system data count.
Inputs to the counter shall be field selectable videos from the receiver and
processor. The counting time of the data count monitor counter shall be field
selectable in both time and scan count. In time, the counting shall be
selectable from one, five, and ten seconds. In scan count, the counting shall
be selectable from one to ten scans. Video inputs shall include as a minimum:

(a) Quantized beacon video
(b) In-process beacon video
(c) Processed beacon video

(d) Bracket video
(e) Video points at each step in the search target processing chain
() Weather threshold video

3.5.15.8.6 Firmware Requirements.- Firmware requirements for the RMS shall be

as follows:

(a) Firmware shall include modules to support spectrum analysis [a
Discrete Fourier Transform (DFT) utilizing samples from the

radar’s nine (9) interpulse period sequence] of received targets
from stationary objects with the antenna stopped. The DFT shall
consist of a minimum of 37 discrete filters with each filter
processing a minimum of 54 pulses. The object shall be to
determine the stability of the processing subsystem by comparing
the amplitude and extent of the sidelobes generated away from the
center zero frequency filter. The interface of the processor
shall be with A/D converter outputs specifically provided for this
purpose. The LDC (3.5.16), through the RMS and displayable
through the RMS, shall display the results of the analysis in the
form of calibrated spectral lines with the ordinate in dB and the
abscissa in positive and negative frequencies from zero freguency.
t shall be possible to expand the ordinate and abscissa.

(b) Diagnostic executive.- A program shall be provided in the ARSR-4
that integrates all the diagnostic modules into a cohesive
software system. It shall display on the LDC and portable
terminal a menu of the diagnostic routines available and shall, by
keyboard entry, direct the execution of any program in the menu.
Results of the diagnostics shall be interpreted and displayed in
plain language. The results of the diagnostic test shall be
available at the RMS within the time specified in 3.5.15.4.
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(¢) Performance analysis.- A menu of all the performance related
programs listed below shall be provided. The capability to select and
initiate all of the performance related programs listed below and display of
the resultant data shall be provided as requested at either the RMS and MPS.
Display of the results of each test shall be in graphical or tabuler form and
shall be readily interpretable. In &ll cases, actual values shall be provided
except as noted or appropriate. All alarm functions shall be provided with
thresholds adjustable for both soft and hard alarms. Actual values shall be
obtainable on demand through the RMMS to the MPS and at the LDC and portable

terminal.

Real time monitoring of video/digital processing.

Key performance parameters, to be selected by the
Government.

Programmable alarm limits.

Number and percentage of reinforced reports processed.

Test target range, azimuth, amplitude, velocity, and Pd.
Radar system status.

Weather Processing Status.

A list of the field and site adjustable/selectable parameter
settings.

Number of targets out of the BTP

Number of target reports out of the search target extractor.
Number of target reports out of thg scan to scan correlation
for each of its two functioms.

Number of target reports out of the editor.

System Performance listed below as a minimum.

Power supply voltages

Azimuth accuracy

Transmitter power (average and peak)

Receiver sensitivity (Minimum Discernible Signal{(MDS))
Memory checks

Digital Signal Processor filter performance (if
processing by filters)

Digital Signal Processor performance (if processing by
range segments)

Scan to scan correlation performance

Editor performance

Formatter performance

Timing checks

Weather Processor performance

Transmitter pulsewidth

Transmitter pulse spectrum (if appropriate)

Weather Station performance

VSWR
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BTP performance (as a minimum)

Mode 4 performance

Beacon/Search reinforcement function
Alarms listed below as appropriate
Transmitter Overvoltage

Transmitter Undervoltage

Transmitter Overcurrent

Transmitter Undercurrent

Modulator Overload

Driver Overload

Final Power Amplifier Overtemperatures
Airflow Failure

Waveguide Pressurization Failure (as appropriate)
Power Supply Failure

Main Power Overvoltage

Cabinet Overtemperature

Pedestal 0il Level

Transmitter Output Power

Azimuth Alarm

Test Target Alarm

Target Overload

Antenna Drive Motor

APG and ARP Alarms

Waveguide Arc Detection (as appropriate)
BTP Performance Alarms (Including Mede 4 alarms)
BTP Range Alarm

BTP Azimuth Alarm

BTP Output Alarm

BTP Overflow Alarm

Beacon Mode Alarm

System Performance Alarms
Beacon/search Reinforcement Alarm
Weather Processor Failure Alarm

System Status Read-Backs listed below as a minimum and available

Transmitter on/off

Redundancy availability

Beacon Offset Selection

Beacon Runlength Discrimination Selecticn
Weather Level 2-3-4-5-6 Selected
Antenna/Beam Rotation (on/off)

Ka or other refraction profile as appropriate
Beams in use

Field/Site Selectable Parameter Setting
Field/Site Adjustable Parameter Setting

Off-Line Diagnostic Results (Identification of replaceable LRU failure
as specified in 3.4.4.4)

-98-



FAA-E-2763b
September 1, 1992

(d) The STTG Control.- Firmware shall generate the signals required to
control the STTG. The status of the STTG including the target
range, azimuth pattern, amplitude, filter,and ground speed shall
be also be displayed.

(e) The Beacon Test Target Generator Control.- Firmware shall generate
the signals required to control the Beacon Test Target Generator.
The status of the Beacon Test Target Generator including the
range, azimuth, codes, framing pulses modes, range separation and
ground speed shall also be displayed.

3.5.15.8.7 Built In Test Equipment (BITE).- The contractor shall determine
the test equipment necessary for performance monitoring and/or diagnostics,
provide all such test equipment (with equipment instruction books in
accordance with the SOW) and suitable/necessary mounting, interconnection
cabling, and sensors to implement the RMS as previously described herein. All
BITE used in the RMS shall be designed in such a manner as to allow
calibration of that equipment on a periodic basis that can be traceable to the
National Bureau of Standards. The test equipment shall be designed in such a
manner as to hold its specified accuracy for at least 180 days before
requiring recalibration. The ARSR-4 and its test equipment shall be designed
in such a manner as to enable the test equipment calibration while the ARSR-4
is on-line.

The contractor shall provide all test equipment racks, sensors, readouts,
wires, andf/or cable interconnections or accessories necessary for operation of
test equipment associated with the RMS. The contractor shall provide any
special calibration equipment and instructions, as stated above, necessary to
calibrate all test equipment.

3.5.15.8.8 Report Mode.- Report generation and processing shall be provided
and structured in accordance with message formats and interactive procedures
specified in NAS-MD-790, with the following exceptions: l) Condition Status
Codes shall be transmitted with every data point sent in a Site Data Report,
and 2) The high and low threshold values for both hard and soft alarms must
have their own data point identification numbers. The message report format
shall be used for interaction for the ARSR-4 command/control using the RMS on-
site portable terminal (EIE) and the LDC. Report requests can be addressed to
either the MPS or directly to the ARSR-4. Full ARSR-4 control shall be
available, through site selection, at the LDC (3.5.16) and at the RMS on-site
portable terminal interface port through the RMS.

3.5.15.8.8.1 Alarm Reporting.- Alarm processing and reporting shall pre-empt
and interrupt all other report processing modes. A verified alarm report
shall be generated and transmitted to the MPS on the next poll in accordance
with NAS-MD-790. A pre-alarm shall be reported to the RMS in less than 12
seconds after its verification. Verified alarm reports shall be processed and
transmitted to the MPS on a first-in, first-out basis. Alarm reports shall be
retained in storage until they are transmitted to, and acknowledged by, the
MPS.
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3.5.15.8.8.1.1 Automatic Fault Alarm Reset.- The ARSR-4 shall contain an
automatic RMS alarm reset function to assist meeting the requirements of
3.4.4.4 with respect to true and false alarms. This function shall reset
consecutive fault alarms up to 8 times (site adjustable between 1 and 8) or
that quantity which equals 12 seconds, whichever is less, before verifying the
alarm to the RMS. Additionally, the automatic fault reset function shall
count random fault resets for each alarm condition. When this count exceeds 8
for any alarm condition and alarm has not been reported to the RMS, a soft
alarm shall be reported through the RMS. When this condition exists, the
automatic fault reset for the particular alarm condition involved shall be
automatically disabled. The fault count shall be made over a sliding window
period which is adjustable between one hour and 24 hours in 30 minute
increments. The automatic fault reset function shall remain disabled for that
alarm condition which caused the disabling, until intervention through the
RMMS clears the count.

3.5.15.8.8.2 Remote Monitor Subsystem (RMS) Status Reporting.- Status report
requirements shall include various types of requests which can be initiated
manually by maintenance personnel. This initiation shall be done at the local
site through the RMS or through the MPS. Initiation shall alsoc be done
automatically through the MPS. Both the manual or automatic initiation shall
be done for either a specific status of a parameter within a group, or a
number of groups of monitored functional parameter values; or for a complete
status report consisting of all groups in 3.5.15.8.6(c).

The RMS shall report any change in current status within two seconds average,
10 maximum (99th percentile) measured from the time the status change occurs
to the time the status change message is ready for transmission to the
concentrator (awaiting poll).

3.5.15.8.9 Remote Maintenance Monitoring (RMM) Diagnostics.- The RMS, built
into the ARSR-4, shall be designed to be fail-safe. Any failure in the RMS
shall not disrtupt any radar functions or cause operation outside normal
certified parameters. The RMS shall contain built-in diagnostic tests, in
firmware, designed to alarm if a malfunction is detected and to locate the
malfunction (3.4.4.4). RMS failure alarms and diagnostics shall be made
available to the MPS via RMMS, at the portable terminal port, and at the LDC.
Isolations of failures shall follow the conditions as specified in 3.5.15.8.2.
MTBCF of the RMS shall be no less than four times that of the ARSR-4, and
MTTRS shall be no greater than that of the ARSR-4.
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3.5.16 Local Display Console (LDC).-

3.5.16.1 Plan Position Indicator (PPI)/Random Access PPI (RAPPI).- The

ARSR- & shall include a LDC which shall serve as the primary interface for the
operators, and mzintenance functions. Operations of the ARSR-4 shall be able
to be initiated or controlled from the front panel of the LDC. The LDC shall
contain a combination PPI/RAPPI to display video data or a combination of
video dzts (i.e., PPl and RAPPI cdata at the same time with contrast capabiliry
to differenciate one from ancther) from the ARSR-4 eguipment and Irom
positions before anc after major processing functions within the ARSR-4
processing chzin. The timing of all videos cdisplayable on the LDC shall have
target catz located and aligned at the same azimuth and range.

3.5.16.2 Console Reguirements.- The LDC shall be used as a maintenance
console during normal operation and as operator/controller comsole during
emergency operation. The LDC shall be capable of providing simultaneous
display of radar videos (anzlog and digital videos displayed at the same time)
mixed with beacon video, range marks, and cursor. Controls and displays shall
be provided to permit measurement of range and azimuth of any displayed
target. The capabilizy to pair any two operator-selected RAPPI target symbols
+o six selected target pairs. A pairing line

get ndé an associated data block shall be displayed for
each se: cf paired targets. The Zata block shall provide range, bearing, and
height cdata for the second target relative to the first. Controls shall also
be provided to select targets on the PPI/RAPPI (live or test targets) whose
height information will be displayed on the tabular display. Additicnelly,
beacon target data [Modes 2, 3/A, & (friend evaluation results), and C code
information] shall be édisplayed on the LDC on either the tabular or digital
displays via target selection with the cursor. The displayed alphanumeric
target report data shall be organized in a vertical format. The capability to
selectively display the report data in hexadecimal format as it is received
from the data processor shall also be provided. The capability for the
operator to relocate the position of the PPI/RAPPI data block from the tabular
display area, to any desired location within the PPI/RAPPI display area shall
be provided. A switch in the NSA-approved security container (Mosler or
Hamiltorn) shall be manually enabled before the Mode 4 evaluation bits, Dl and
D2, will be displayed on the LDC. The LDC shall be capable of displaying
digital plot video with appropriate symbology to display all types of messages
specified in 3.5.13. The 'up to three Mode 4 inhibit sectors’ specified in
paragraph 3.5.20.3.1.3.2 (b) shall be selectively displayed as a pair of full
screen vectors for each sector emanating from the radar origin. A vector pair
with shading emanating from the radar origin, bisected by the reported strobe
symbol bearing, shall be displayed for each displayed strobe report. The
bearing extent of the vector pair shall be derived from the strobe report
runlength. The LDC shall be capable of displaying analog, digital and D/A
video data (3.5.15.8.2) from various stages of the data processing chain as
determined by the contractor and approved by the Government. A strobe video
shall be made available at the demarcation point and at the LDC.

shall be provided for u
connecting the target
”~

[ e
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All ARSR-4 systems shall have a capability to drive multiple displays to
fulfill some operational requirements. The contractor shall design the ARSR-4
to facilitate two display configurations which meet the following conditions:

(a) In the first configuration, a demarcation point using general
purpose type connectors shall be provided in such a manner as to
allow three additional displays to be connected in parallel to the
master LDC. Each of the three additional displays shall have the
capability to drive an additional four displays. Capability to
remote these additional displavs up to 300 feet away from the ARSR-4
equipment room shall be provided. Analog and digital search,
beacon, and strobe videos; and azimuth data shall be made available
at that demarcation point for each of the three additional displays.

(b) In the second configuration, the LDC shall be designed in such a
manner so to enable displays to be connected in series to each
other. Each LDC shall have buffered output ports, to provide
isolation, ané connectors available to slave additional LDCs in such
a manner as to allow full ARSR-4 contrel on the first LDC, which
shall serve as a master LDC, and the other LDCs shall be used for

display purposes only.

The capability of having both configurations implemernted at the same time
_shall be provided. 1In both of the aforementione€ LDC configurations, Mode 4

T

request, enabling, and display signals shall be availablie at any and all LDCs.

A minimum of two displays shall be provided in the LDC. One of the displays
shall be a tabular display and shall provide temporary (volatile) display of
digital data; including selected output messages, test results, target beacon
code information, and search height information; in decimal form. The
diameter of the tabular display shall be at least 9 inches diagonally. The
LDC shall have a keyboard terminal with a data display (in addition to the
video display, but can be a part of the tabular display) which shall be used
by maintenance and operations personnel for contrclling and monitoring the
ARSR-4 at the site via the RMS. It shall have the equivalent capabilities, as
a minimum, as the portable terminal as described herein. The second display
shall be a PPI/RAPPI display and shall be at least 16 inches in diameter. If
less than four pulses per beamwidth and/or less than one microsecond
pulsewidth is used, a stretched azimuth and range video pulse shall be
provided for the analog display. All the displays (PPI/RAPPI, tabular, data
displays) shall be completely self contained in one package and shall be
mounted on a low profilée mobile cart as part of that package.

The LDC shall have the capability of providing operator control of the ARSR-4
from the operator’s LDC position. All ARSR-4 controls available through the
RMMS shall be made available at the LDC, which could interface with the ARSR-4
RMS in the same manner as the RMMS portable terminal. This LDC control device
shall, as a minimum, provide the same features as the RMMS portable terminal
(NAS-MD-792 and NAS-MD-793).
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A printer shall be included to provide a permanent record of the displayed
digital data. The LDC’'s display and maintenance features shall be considered
as off-line or nonoperational functions of the ARSR-4, except during emergency
on-site operztien in which case the display is an on-line operational
function. However, the operational control features of the LDC shall be
considered to be & part of the on-line, operational ARSR-4 equipment.

3.5.16.3 Range Selection.- Variable sweep range covering the scale factors
from 25 nm per Czthode Ray Tube (CRT) racdius to 256 nm per radius, inclusive,
in steps not to exceed 1/128 of a CRT diameter shall be provided. The range

sca_.e shall be indicatec on the CRT in one nm increments.

3.5.16.3.1 Renee Selection Offsetring.- The display ocff-center control shall
provide for repocsitioning any X ancd Y coordinate between 5 and 250 nm to the
center of the display. & range expansion control shall be provided to change
the radius of the circulzr area displayed around the repositioned center from
5 to 30 miles. The expanded cirecular area shall extend from the repositioned

center to the display edge.

3.5.16.4 Off-Centering.- Two selectable modes shall be provided for the
cisplay sweep crigin: (.) Centered on the CRT axis and (2) offset to the CRT
axis. In the offset mode, the sweer origin shall be capable of being ofiset
in X and Y position at least one racius at the maximum sweep range. In
addition, the sweep origin shall be capable of being offset in X and Y
position at least four racii on the 25 nm sweep range.

3.5.16.5 Electronic Cursor.- An electronic cursor shall be provided,
appearing as a .ine IZrom the cursor origin to the edge of the CRT. The sweep
trace curvature shall not exceed plus/minus 2 percent of usable CRT diameter
with the sweep origin centered. For the purpose of this requirement, the
curvature shall be considered the maximum deviation of the trace from a
straight line. The cursor shall be suitable for making azimuth or bearing
measurements on the CRT. The azimuth or bearing measurement and range
measurement indications shall be presented on the CRT in alphanumeric form in
increments no greater than 0.1 degree and 0.1 nm. The curscr intemnsity shall
be adjustable and the following modes of cursor selection shall be provided:

(a) Cursor Off - The cursor shall not be operational in this mode.
(b) Cursor Centered - The cursor origin shall be coincident with the
display Sweep Origin. For the purpocse of measuring this

parameter, a tolerance of +/-0.075 inch is applied to coincidence.

(c) Offset (Wandering) Cursor - The cursor origin shall be capable of
being offset to any X and Y position on the CRT.
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3.5.16.6 Range Strobe.- A range strobe, appearing as a unique symbol, shall
be provided in all active cursor modes. It shall be possible to move the
range strobe to any incremental position on the electronic cursor line, where
the increments shall not exceed 1/512 of the CRT diameter. The range strobe
shall be suitable for range measurements on the CRT with indication of
measurement appearing on the CRT in increments not to exceed 0.1 nm. The
bearing and range position of the range strobe shall be included as part of
the PPI/RAPPI dara block and it shall also be possible to tag the range strobe
with its positional information. The range strobe shall be suitable for
identification of targets or test pulses for which height is requested.

3.5.16.7 Range Marks.- Selectable range mark intervals of 5, 10, 20 and
SO nm shall be provided. Intensification of every fifth mark shall be

provided.

3.5.16.8 Video Inputs.- The display shall be capable of accepting and
simultaneous displaying all ARSR-4 video outputs in addition to the range
marks and range strobe. Each video, including the range marks and range
strobe, shall have independent gain (intensity) controls, ON-OFF switching,
and ON-OFF status lights. An adjustable PPI persistence control for display
of PPI videos shall be provided with adjustment for up to one scan.

3.5.16.9 Writine Shelf.- A writing shelf, extending the full width of the
LDC, shall be provided on the front of the LDC. It shall provide a suitable
working surface for an cperator using a grease pencil in a darkened room. The
shelf shall have built-in illumination with a separate dimmer control with

power furnished by the basic display.

3.5.16.10 Compass Rose.- An illuminated compass rose (ring), graduated in
one degree divisions and numbered a2t ten degree separatioms, shall be
provided. The displayed compass rose shall be extinguished whenever the
PPI/RAPPI origin is offset.

3.5,16.11 Implosion Shield.- A l/4-inch thick plastic plate covering the
face of the CRT shall be provided to serve as an implosion shield and a
marking surface for grease pencils. This plate shall be easily removable from
the CRT Assembly for cleaning and replacement.

2.5.16.12 Phvsical Design.- The LDC shall be designed so that all displays
and indicators can be viewed and controls comfortably reached by an operator
seated in front of the console.

3.5.16.13 Readout Inhibit.- t shall be possible to blank all displayed
screen information except for the PPI/RAPPI presentation.

3.5.16.14 Antenna Position Indicator.- A real time antenna position
indicator shall be displayed about the PPI/RAPPI circumierence.
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S.5.16.15 RAPPI Symbxls.— Ary combination of the symbology specified in the
following shall be able to be displayed alone or topether, limited only by the
capacity of the output data circuits and the operational ARSR-4 equipment.
Except for the displaying of the emergency code which shall always be enabled,
each symbol shall be selected for display by individual front panel control.
However, in the instance of the five weather contour symbols, it is
permissible to use more than one control to select the symbols to be
displayed, providing the individual control over each symbol is still
achieved. When a symbol gereration conflict occurs, because of the enabling
of multiple symbzl types and because of the presentation for display of a
message which qualifies for more than one of those symbols, the display
pricrity shall follow the order given in the following:

(a) Emergency beacom (MN) - This symbol shall be displayed whenever a
validated emergerncy beacon report is presented to the RAPPI.

(b) RIMS (*ﬁ%) - This symbol shall be displayed for any search, beacon
or AIMS-only report iv which the AIMS present bit and at least one
AIMS code bit is set. The friend evaluation results shall be
displayed on the LDC in a marmer determined by the contractor.
(e.g., displaying the evaluation results on the tabular display.)

{c) Beacor bomarc ([) - This symbol shall be displayed for any
beacon report with a validated Mode £ "X" bit, Mode 3/R "X" bit,
or both., It shall alsc be possible to have this symbol displayed
for beacon targets which meet other display symbel criteria.

(d) Search-reinforeed beacon ( (X)) - This symbol shall be displayed
for any beacon report which has its search radar-reinforced bit
set.

{e) Made 3/A beacorn () - This symbal shall be displayed for any
beacon report with a validated Mode 3/A code.

{(f) Mode 2 beacon ( D]) - This symbol shall be displayed for any
beacon report with a validated Mode 2 code.

(g) Mcde C beacon (=) - This symbol shall be displayed for any
beacon report with a validated Mode C code.

(h) Any beacon ([:]) - This symbol shall displayed for any beacon
target.

(i) Search ( X ) - This symbcl shall be displayed for any search
target report, including the search RTGC tarpet.

(3} Low intensity weather (—) - This symbol shall be displayed twice
at the azimuth contairned in each low intensity weather message,
cnce at the start range and once at the stop range.
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(k) Medium Intensity ( I ) - This symbol shall be displayed twice at
the azimuth contained in each medium intensity weather message,
once at the start range and once at the stop range.

(1 High intensity weather ( I ) = This symbol shall be displayed
twice at the azimuth contairned in each high intensity weather
message, once at the start range and once at the stop range.

(m) Strobe | EZ) - This symbol shall be displayed for both beacon and
search strobe reports.

(n) Search with 3D height( OQ) - This symbol shall be displayed for a
search target with a valid 3-D height.

() Search reinforred beacon with 3D height(tfjn - This symbol shall
be displayed for a search/beacon reinforced target with a valid 3-
D height.

(p) Military map (i) = This symbcl shall be displayed twice at the
azimuth contained in each military map report, once at the start
range and once at the stop range.

(q) All targets ( » ) = This symbol shall consist of a distinctly
visible dot and, wher enabled, shall be displayed for any target
or message which could be represented by one or more of the other
symbols, providing that the other symbol or symbols are not
enabled.

All symbols, except for the target det, shall be approximately equal in height
and width. These dimernsions shall be at least 8.125 inches (3.2 mm), but not
greater than @.30 inches (7.6 mm). The target dot shall not be larger than
.25 inches (1.3 mm). The RAPPI symbcl size shall be independent of the RAPPI
expansion.

The RAPPI shall be capable of displaying S weather symbols corresponding to
NWS weather levels 2 through & to be proposed by the contractor and approved
by the Goverrment. These symbols shall replace the symbols in {3, (k), and
(1) abave when the expanded weather reporting capability is implemented.
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3.9.16.1€6 RAPPI Refresh.- A display refresh capability shall be included
with the RAPPI. The area to be refreshed shall be defined by a single sector,
the start and stop range and azimuth values of which shall be able to be set
anywhere in the RAPPI’s coverapge with a resclution of 8,7 degree and @.5 nm or
better. The refresh sector shall be established and the refresh function
controlled from the front panel. When enabled, all of the symbals which are
presented for display and which are within the sector shall be refreshed for a
selectable period of one to ter scans ir one scan increments. Tarpgets which
are more than one scan old shall be displayed at a brightness which may be
reduced from that of all other RAPPI symbols, as controlled by a simple
internal adjustment. The decay of the earliest symbol when the eleventh, if
the ten refresh scan is selected, shall not distort the other symbols
displayed. At least 1Q@ targets (current and history) shall be able to be
refreshed. If more than the designed number of tarpets are presented to the
refresh circuitry, a suitable notation to that effect shall be conspicuously
displayed on the front parel. The refresh shall be accomplished at such a
rate as to not cause discernible flicker, regardless of the number of tarpgets
refreshed. The refreshed symbols shall be cleared by disabling the refresh
function.

3:5.16.17 Printer.- The LDC shall contain a printer capable of providing a
permanent record of the entire contents of the tabular display. The printed
format shall conform as much as possible to that of the tabular display. The
printed output shall include the time-of-year clock data at the top of the
data block. It shall be possible to print one or both of the target messages
available on the tabular display. The printer format shall be developed by
the contractor and approved by the Goverrment before equipment production is
begun.

The printed copy shall be legible and remain legible for at least 10 years.
The printer shall meet the requirements of paragraph 5.2.€.3 of MIL-STD-1472.
Provisions for automatic printing as the contents of the tabular display are
updated, automatic printing of either or both of the RTUC tarpets or the

" pommon format status message, and marwal initiation of the print function
shall be included. Operation of the printer shall be by front panel control.
The most recent data shall be readable without manually advancing the printer.
The printer shall be capable of printing at least S@ commen output beacon
messages per minute. The tabular and data displayed information shall be in
commonly readable format (alphanumeric, decimal form).
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3.5.16.18 Data Entry Devices.~ The LDC shall include on its front panel all
of the controls and devices required to provide the routine operational and
maintenance contral (3.5.1€.2) of the ARSR-4. The contractor, using the human
engineering practices prescribed in 3.8.1.8 herein, shall design the front
panel of the LDC and its data entry devices for clear and logical
interpretation and operation. Data entry devices in this context include
potenticmeters, switches, trackballs, joysticks, pushbuttons, and keyboards.
In the event that a keyboard is utilized to control a function such as printer
"an-cont inuous, " RAPPI symbol display selection, or weather threshold
calibration, appropriate readback shall be provided to inform the operator of
the condition of the function. This readback, which takes the place of
observing a switch position, shall be provided for all such functions
controlled by the keybcard. The tabular display may be used for such
readback. The layout and functional operation of the data entry devices on
the LDC shall be designed and demonstrated to be compatible with the intended
maintenance and operational usage in the expected cperational environment
before the equipment production begins.

3.5.16.19 LDC Self-Test.- The LDC shall be able to test itself, check the
test data against established norms, and report the results of the check, if’
appropriate, on the tabular display. ARll tests shall be able to be manually
initiated from the front panel.

3.5.16.2@ PPl Display Self-Test.- The PPl video and data inputs shall be
able to be tested by injecting arn internally-generated test waveform with a
frequency of approximately 1@ KHz into each input individually. The wavetorm
shall be such that correct action of the slicer associated with the applicable
videc input can be observed on the display. Simulated range and azimuth data
shall be available within the LDC to check operation of the display in the PPI
and the RAPPI modes. A capability to generate any type of digital data input
received from the ARSR-4 ocutput buffers shall be provided to test the RAPPI
display. A1l RAPPI symbols, and their refreshment, shall be able to be tested
using internally-generated test message inputs.

3.5.16.31 Tabular Display and Data Entry Device Self-Test.- A lamp-test or
equivalent exercise of all of the display’s output units shall be provided.
Using the tabular display, the correct operation of the keyboard and any other
similar data entry device shall be able to be demonstrated.
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3.5.17 ARSR-4/ATCEI-S Interface Requirements.- The ARSR-4 shall be designed
and built tc meet the performance requiremerts specified in 3.4 with the data
received from an ATCRI-S using the formats specified in the follawing
paragraphs, without modification to the ATCBI-S equipment or its interface
requiremerts. Signal conditioning capabilities shall be provided as necessary
to meet these requirements over intercornecting cables of at least 30@ feet in
length. Isolation which is adeguate to prevent damage to (or failure of) the
ARSR-4 from occurring as the result of open or short circuits or the
application of spuricus veoltages of up to +/-1202@8V (from source impedances as
low as 1,000 ) on any or all of the ARSR-4 intercormecting cables shall be
provided., Unless otherwise specified, the interface cabling shall consist of
coaxial cables with the correct characteristic impedance for the signal it is
to carry.

2.5.17.1 Irput Videc.- The beacon input video shall be from the ATCEI-T.
The beacon video will be a serial video data stream which will contain the
aireraft code train replies. The videoc will be realigned to remove the short
stagger which may have been introduced by the beacon interrogator, but will
remain staggered as the result of the external stagger requirements of
3.5.17.3. The videc will be synchronized with the beacon pair trigger. The
video will have beer subjected to the effects of Bain Time Control (GBTC)
circuitry in the receiver (ahead of the quantizer). The nominal and extreme
characteristies of the gquantized videco will be as follows:

Nomirnal Extreme
Amplitude +4,Q0 V +1.@ to +8.0 V
Baseline 2.0 V -1.0 to +1.0 V
Pulse Duration 0. 45 psec Q.1 to 2.2 psecH
Rise Time 2. 08 usec 8.2 to 8.2 psec
Fall Time 0. 1S psec 2.05 to 8.3 psec
Impedance 7% 2 72 to 8@ Q
Noise +3.1 V +@.2 V maximum
* Note: The wider pulsewidths reflect the widths that may result

from overlapped pulses in the replies from two or more aircraft.
The width of noninterfering pulses will nct exceed 0.6@ usec.
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3.5.17.& PBeacon Mode Pair Triggers.- The ARSR-4 shall accept the beacon mode
pair triggers generated within the beacon interrogator and use them to
determine the range and beacon mode of the aircraft's video reply trains. The
triggers will consist of a single pair of pulses per sweep, the separation of
which will indicate the mode of that radar sweep. The first pulse to occur is
designated P1 and the last pulse is P3. P3 is stationary with respect to
beacon zero range. Any interlace sequence or combirnations of

Modes 2, 2/R, and C may be provided by the beacon radar. The nominal and
extreme characteristics of the beacon mode pair triggers will be as follows:

Nominal Extreme

Amplitude +13 V +12 to +EQ V
Baseline 2.0 V -8.5 to +0.5 V
Width 1.0 usec 8.5 to 2.0 psec
Rise Time .88 psec 9.15 psec maximum
Fall Time 2.3 psec @.5 usec maximum
Pulse Spacing (Pl to P3)

Mcde 2 S psec 4.8 to S.2 psec

Mode 3/R 8 user 7.8 to 8. psec

Mode C 2l usec 20.8 to 21.2 usec
Impedance 75 R 72 to B8 R

2.5.17.2.1 Mode 4 Requirements.- BTP performance peculiar to Mode 4
cperation is described in 3.35.20.

3.5.17.3 ATCBI Beacon Trigger Reguiremerts.- The ARSR-4 shall provide three
separate trigger outputs to the ATCBI system time coincident with a subset of
the primary radar transmission trigger. The subset shall be selected to
provide a PRT of approximately 315@ psec. The time between any two triggers
shall rot be less than 28@@ psec. The first shall be a nenstaggered radar
range zero trigger. The second shall be a nonstaggered pretrigger 108 upsec
prior to range zern. The third trigger shall be a four period staggered
pretrigger with a minimum pulse toc pulse time period difference between pulses
of S@ psec. The pretrigger/trigger timing shall be site adjustable to

+/-5@ percent in one jsec increments over the range of the adjustment.

3.5.17.3.1 ATCBI Beacon Trigger Characteristiecs.- The trigger pulses shall
have the fcllowing characteristics:

(a) Polarity: Positive
{b) Duration: Q.3 to 2.5 psec
(c) Amplitude: S5 to 5@ V peak across 73 R input

terminating resistor

{d} Rise time: Not more than 2@ percent of pulse duration
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=.5.1B  ARSR-4/Mode S Interface Reguirements.- The following paragraphs shall
be used by the contractor ir the design of the RRSR-4 interface with the
Mode S system without modification to the Mode S equipment or its interface
regquirements.

3.5.18.1 ARSR-4 Search Tarpet Extraction Function To Mode S.-~ There shall be
dual sets of isclated data lines from the ARSR-4 search target extraction
function to the Mode S sensor. Each link shall be capable of handling the
data gererated by the ARSR-4 and provide to the Mode S all surveillance data
with a delay of no greater than 358 msec after passing the target boresight
position. Data shall be transmitted at a rate of 8.5 MHz,

3.5.18.2 ARSR~4/Maode S Communicaticnm Interface Characteristies.- The
electrical and mechanical characteristics of the communication interface shall
conform to & subset of EIA~-RS-S3@. This interface shall be a category 1
cireuit with the balanced electrical characteristics as specified in EIR-RS-

3.5.18.3 ARSR-4/Mode S Link Control Level.-

3.5.18.3.1 Procedures.- The surveillance data-communications link level
protocol to be used betweer the ARSR-4 ard the Mcde 5 sensor shall be the bit-
oriented Advanced Data Communications Control Procedure (ADCCP) as per ANSI
X3.6E. The ADCCP provides for three classes of procedures. ODOnly one of these
is required for this application and is as follows: Asynchronous Balanced
Mode (REM) - Under such procedures, esach of the two stations on a point-to-
point link is a combined (primary and secondary) station. Rs appropriate,
either of the two stations can take on the primary role (send commands),
causing the other to take on the secondary role (send responses).

3,5.18.3.2 Information Field.- The information field contains the search

target extraction output messages. These messages consist of ARSR-4 target
reports, status, and alarm reports as specified in 3.5.18.4. These reports
are placed in the information field singly.

Orly one report shall be allowed within each ADCCP frame. It is not
permissible to split a report across two or more frames. Data output words
are transmitted starting with their MSE.

2.5.18.32.2 Contrel Functions.~ The search target to Mode S interface control
is a simplified subset of the ADCCP control protocol, and can be considered a
simplex circuit. No data retransmission shall be allowed under any
circumstances.
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3.9.18.4 Message tevel.-

3.5.18,4,1 Code Set.- The information fields of the search target
transmission shall be constructed using transparent binary. No code structure
{such as ASCII) is to be used.

3.5.18. 4.2 Message Format.- Two types of messages are sent from the ARSR-4
to the Mode S. They are target reports, and status and alarm reports. These
are described in the fcllowing paragraphs.

3.5.18. 4.2  Target Report.- The target report message consists of data from
the search target extraction function via the first function of the scan to
scan correlator as defined in 3.5.7. This report and its format shall be
defined by the ARSR-4 contractor and incorporated into the ARSR-4 only after
it has been demonstrated to be fully compatible with the data transmission
capabilities and data requirements and utilization of all end users

(e.g., SOCC, ARTCC, USN, ete.).

2.5.18.4.4 Status and Alarm Report.- At least one status report and one
alarm report shall be sent from the ARSR-4 to the Mode S on each scan. if a

change in the ARSR-4 status or an ARSR-4 alarm occurs, a status or alarm
report shall be transmitted from the ARSR-4 to Mode § within one scan.

Neither the format nor the contents of the status and alarm report has been
defined. This report and its format shall be defined by the RRSR-4 contractor
and incorporated intoc the ARSR-4 system only after it has been demonstrated to
be fully compatible with the data transmission capabilities and data
requirements and utilization of all end users (e.g., SOCC, ARTCC, USN, etc.).

3.5.18.5 Mode § Reinforce Functicon to the ARSR=-4 Editing Function Interface.-

A

3.5.18.5.1 Physical Contreol Level.-

2.5.18.5.1.1 Communication Links.- There shall be a dual set of isclated
communication links from each Mode S surveillance processing channel to the
ARSR-4 for editing. Each communication link shall be capable of handling the
data rate gererated by the Mode S. Data shall be transmitted over both links
simultaneously provided both Mode S surveillance processing channels are
available. Data shall be transferred at a rate of @.SMbps.

2.5.18.5.1.2 Communication Interface Characteristics.- The electrical and
mechanical characteristics of the communication interface shall conform to
EIA-RS-530. This interface shall be a category [ circuit with the balanced
electrical characteristics as specified in EIR-RS-4Z:Z.
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Link Control Level.-

2.5.18.5. 2.1

Procedures. - The surveillance data-cocmmunications link level

protocol to

be used between the Mode S and the ARSR-4 for editing function

shall be the bit-oriented ADCCP as per ANSI x3.8&. The ADCCP protocoal
provides for three classes of procedures. Only one of these procedures is
required for this application, namely, the RABM which is as follows:

3.5.18.5. 3

ABM - Under such procedures, each of the two stations on a point-
to-point link is a combined (primary and secordary) station, ARs
appropriate, either of the twc stations can take on the primary
role (send commands), causing the other to take on the secondary
role (send responses).

Information Field.- The information contains the following

message types. Each message is placed in the information field singly. The
messages listed below shall include all applicable data defined in 3.5.13.

(a)

(b

{c)

(d)

3.5.18.5. 4

Target reports identical to the reports sent to Mode 5. These
reports represent reports that did not reinforce a Mode S beacon
report. These reports are also referred to as radar-only reports.

Mode S/radar reinforced reports which contain beacon ID field
bitsi including tag bits like IDENT, REINFORCEMENT, EMERGENCIES,
AND CODE VALIDATION BITS. Alsc contained in this report are
range, azimuth, Mode 3/R, 2 and C codes, and other target report
data established by 3.5.18.4.3., These reports are also referred
to as radar beacon merge messages.

Mode S beacon reports which contain beacon ID field, tapg bits,
range, azimuth, and Mode 3/R, 2 and C codes. These reports are
alsz referred to as beacor—only messages.

ARSR-4/Mode S status which contains the status of the ARSR-4 which
ARSR-4 sends to Mode S and appended to this messape is the status
of Mode S.

Control Functicns.- The Mode S/RRSR-4 editing function interface

control shall be a simplified subset of the ADCCP control protocol, and can be
considered a simplex circuit. No data retransmission shall be required from
Mode S under any circumstances

2.9.1B8. 5.5 Message Level.-~

2.5.18.5.8. 4

Code Set.- The information fields of the Mode S transmissions

are constructed using transparent binary. No code structure (such as ASCII)

is used.
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3.5.18.5.5.2 Message Format.- There are four types of messages sent from the
Mode S to the ARSR-4 as follows:

(a) Radar-only reports

(b) Beacon/Radar reinforced reports

{c) Beacon-only reports

(d) ARSR-4/Mode S status messages, as specified in 3.5.18.5.3

The actual format of the data in the information field is the responsibility
of the contractor and details of the format shall be included in an interface
control document developed by the contractor.

3.5.18.6 Data Switch Requirements.- When the ARSR-4 is operating with a

Mode S Interrcgator, the ARSR~4 shall continuously menitor the Mode S on—line
channel signal. In the event of a Mode S surveillance processing channel
failure or a Mode 4 request and interrogation, the ARSR-4 shall automatically
switch to a mode in which the Mode S quantized beacon video is provided to the
ARSR-4 and processed in a marnner similar to the quantized beacon videc
received from an ATCRI-S. Appropriate status signals shall be provided to the
RMS to indicate whern the ARSR-4 has taken aover the beacon processing function.

3.5.18.6.1 Mode 4 Data Switch Reguirements.- When Mode S is fully
aperational, Mode 4 requests shall take precedence in that one Mode 5
transmitter and antenna shall be committed to Mode 4 operation on demand. In
addition, all the BTP functions during the Mode 4 operation shall be provided,
including test target generation and diagrostics.

3.5.18.7 Mark XV Regquiremerts.- The ARSR-4 shall be capable of Mark XII
request and reply processing, as described in DOD AIMS 635-100@, on aircraft
equipped with Mark XV transponders.

3.5.18.8 Staggered Mode S Beacon Trigger.- The ARSR-4 shall provide twe
ceparate trigger outputs to the Mode S system. The first shall be a radar

range zero trigger time coincident with the radar transmission. The second
trigger shall be a four period staggered pretrigger with a minimum pulse to
pulse time periocd difference between pulses of 3@ psec. The trigger averapge
PRF shall be field adjustable +/-5 percent in increments of 1 percent or less.
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3.5.1% Radar Remnte Weather Display System (RRWDS) Interface.- The ARSR-4
shall be designaed and built to meet the performance requirements specified in
3.5.12.2.1 and shall provide videc, pretrigger, ARP/RCP data, and status

signals in accordance with the following subparagraphs. Signal conditiconing
capabilities shall be provided as rnecessary to meet these requirements over
intercurmecting cable length of up to Z00 feet. Isolation which is adequate
ty preverit damage to {or failure of) the RRSR-4 from occurring as a result of
apen or short circuits or the application of spurious voltages of up to +/-
1280V (from source impedances as low as 1,882 §) on any or all of the input
ports, of the RRWDS shall be provided. The interface cable for the video,
pretrigger, and ARP/ACP signrals shall be RE-55U with VE-26@8C/W conmectors at

the RRWDS inputs,

3.5.19.1 Weather Log Vicdeo.- The input weather log video from the ARSR-4 at
the input to the RRWDS shail have the following characteristics:

{a) Amplitude: +2 to +5V
(b) Impedance: 75 &
(c) Type: Aralng lopg video

2.5.12,2 Pretrigger.- The pretrigger from the ARSR-4 at the sinput 1o the
RRWDS shall have the following characteristics:

{a) Aoplitude +5 to +3@ V

{b’ Timing 1 to 202 psec prior to radar time -era
{c) Pulse duration 2.5 to 2 psec

(d) Rise time 8. 15 psac maximum

{e) Impedance 75 9

2.5.19.2 Azimuth Reference Pulse (ARP)/Rzimuth Chance Pulce {ACP).- The
ARP/ACP data from the RARSR-4 at the input to the RRWDS shall have the
following characteristics:

{a) Amplitude +5V minimum

{b) Rate 4996 ACPs per revolution
One ARP per revolution

(c) Impedarice 75
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3.5.19.4 Status Signal.- In the event that the ARSR-4 design has a dual
channel weather receiver and/or processor, the following status signals shall
be provided at the input to the RRWDS:

{a) Channel AR: On Ground
Off +5 VDC or +12 VDC
(b) Chanrel B: On Bround
Off +5 VDC or +12 VDC
(c) Impedance: 18 KR .

3.5.19.5 Optional Interfaces.- The contractor may elect to interface with
RRWDS at other than the specified analog log video input if it can be shown
that this in no way degrades the data output from the RRWDS, Any modification
required of the RRWDS to accommodate this interface shall be accomplished by
the contractor as part of the ARSR-4 effort, including the necessary changes
to the RRWDS documentation to reflect the modification(s).

3,5.28 Mode 4 Interface.- The ARSR-4 shall provide for operation with Mark
XI1 modes 2, 3/R, C, and 4, and Mode S (for sites equipped with Mode S). All
beacon requirements (including the beacon capacity requirements) stated herein
apply to the Mode 4 function unless otherwise stated in the following
subparagraphs. The Mark XII modes shall include the provision of video
outputs from the BTP, with the technical characteristics detailed in DOD RIMS
65-1000R. The technical characteristics and requirements for Mode 4 operation
are provided in the following subparagraphs.

The data lines to/from the ARSR-4 site and SOCC will be encrypted for
transmission to protect the Mode 4 friend level (DI1/D2) information.
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3.5.28.1 Mode 4 Peculiar External Interface Equipment.- The following

equipment shall be used as specified herein.

(a) Mode 4 computer, KIR-{B or KIR-IC - Provides erncryption of Mode 4
interrogations and validation of Mode 4 replies as specified in
DOD AIMS £4-900D. .

(b) Interface Device KE-84C - Provides interfaces between the USAF
modems ang messape formatiter and provides encryption of data
between the ARSR-4 and the SOCC., The interface device
characteristics are as specified in the KB-84C FPerformance and
Interface Specification.

(c) Remote Rekeying Device, known as either the Generic Remote
Rekeying System (BRRS) or the FRRR/IRDS Remote Rekeying System
(FIRRS) - Provides control of rekeying of the KE-84C interface
gevice and the KIR-1B or KIR-1C.

Rll encryption and decryption of message traffic to/from the SOCC will be
accomplished by the KG-84C interface device. Rll rekeying functions of the
KIR-1B or KIR-1C and KG~84C will be performed by the Bovernment key management
hardware {(BRRS or FIRRS).

3.5.20.2 Mode 4 Performance Reguirements.- The béacon performance
requirements of 3.4.2 apply to the Mode 4 operation except as described in the
following subparagraphs.

3.5.22.2.1 Mode 4 Reguirements.- When using Mode 4 only, the probability of
detection in 3.4.2.3 shall equal the specification values stated for primary
mode only responding for 4, & and 8 interrogations. For 11, 15 and 23
interrogations, the values shall be @.95. When using Mode 4 simultaneously
with Modes 2, 3/R, and Ci the probability of detection for Mode 2, Mode 3/R,
and Mode C shall mot be degraded.

2.5.20.2.2 Code Validation.- When using Mode 4 only, the friend evaluation
specified in 3.5.20.3.2.2 shall be achieved at least 95 percent of the time.

3.9.20.2.3 Mode 4 Azimuth Resclution.- The requirements of 3.4.2.6 shall
apply to Mode 4 targets with the following clarifications when operating Mode
4 only or when operating Mode 4 simultaneously with Modes 2, 3/R, and C:

{a) With 18 PRTs or more separation, the Mode 4 targets shall be
distinguishable in azimuth 95% of the time.

(b) With less than 11 PRTs separation, two Mode 4 responses are not
required to be resolved,
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{c) When one target does not respond to a Mode 4 interrogation and
another target does respond to a Mode 4 interrogation, the Mode 4
response shall be distinquishable and reinforce with the correct

target 95.5% of the time,

§.§.g0.3 Mode 4 Detajled Performance and Design Requirements.- Figure 3-6 is

a block diagram of the Mode 4 Function, and Figure 3-7 shows more detail on
the external interfaces. Functions of the Mode 4 processor and the KIR-(B or
KIR-I1C are described herein. These figures are provided for explanation
purposes only and do not imply any pre-supposed design.

The contractor shall provide two NSA-approved security containers (Mosler or
Hamilton, Model #54-5Q for either company) for housing the KIR-IB or KIR-1C,
the BRRS or FIRRS, and six KE-84Cs. The contractor shall provide a power
distribution panel (with external power cable) and coocling for the equipment
within each of the security containers. The cooling system shall provide for
closed door operation of the equipment within the security contairer. Each
container shall have an overtemp sensor to report overtemp conditions to the
SOCC and RMS. In addition, the contractor shall supply a Time of Year Clock
input to the security contairer for use by the GRRS or FIRRS. The contractor
shall provide the interconnect cabling between the ARSR-4 equipment and the
KIR and the KG-84Cs. The conmtractor shall alsc provide AC power wiring to and
inside each container. The contractor shall provide the AC power wiring from
the power distribution panel to the KIR-1B or KIR-1C and to the contractor-
furnished equipment within the containers. The Government shall provide the
AC wiring from the power distribution panel to all EIE within the containers
other than the KIR-1B or KIR-1C. Switch wiring, door open sensing, and over-
temperature sensor wiring shall be provided by the contractor inside the
containers and tc the ARSR~4, The GBovernment shall be responsible for all
other cabling and wiring inside, between, and to the containers. RS-538
interconnects will be used with the data processor configured as Data Terminal
Equipment. ’

The contractor shall provide a switch panel within the security container
containing switches to enable a number of Mode 4 functions including:

(a) Selection of evaluator mode,

(o) Enabling of Di-D2 bits to the LDC,
{c) Selection of the A/B code,

{(d) LDC Mode 4 Control Switch,

(e) Port Rssignment Switch, and

(f) ISLS Pulse
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3.5.20.3.1 Mode 4 Enabling.- The interface between the SDCC and the RRSR-4
shall provide for actuation of Mode 4 operaticon from the SOCC. In addition, it
shall be possible to enable the Mode 4 operation from within the ARSR-4 site at
the LDC. The purpose for this latter function is to permit local control of
Mode 4 operation during or-site maintenance and autonomous operation., The local
enable capability shall fully duplicate the enable functions of the SOCC.

Mode 4 enabling is accomplished by grounding a control lead cormnected to the
KIR-1B/KIR-1C in accordance with DOD RIMS £4-3@0D. This prounding action shall
be activated by Mode 4 request messapges from the SDCC and the LDC, and shall
provide for both automatic sector control and manual operation. Manual enabling
shall be possible through a spring loaded, manually operated challenge switch
located at all LDCs. Figure 3-8 shows how Mode 4 enabling may be performed
between the SODCLC and the LDC. Mode 4 challenpes shall utilize the same antenna
subsystems used for ATCBI-S and Mode &, This figure is provided for information
purposes only and does not imply any presupposed design,

3.5.28.3.1.1 Enabling Functions at the SOCC.- The enabling functions for
Mode 4 operation at the SOCC shall have, but not be limited to, the following:

Enabling the Mode 4 manually by operator actiors.
Enabling the Mode 4 by automatic sector operation,

Manual and computer directed selection of ctenter azimuth is transparent to the
ARSR-4. Start/Stop azimuth will be sent to the RRSR-4 system. The format
resulting from the selection is the S1 bit modified CD~2 format.

Selection of center azimuth (manual or computer directed).
Selection of the first three above without interfering with SOCC
cperation of Modes 2, 3/R, and C.

Whenever Mode 4 operation of the RRSR-4 is requested, the modulation pulses from
the KIR-1B/KIR-1C shall be fed via the Mode 4 processor and the BTP to the

ATCBI~S or Mode S for the production of RF pulse train signals, The shape and
tolerances of the modulation and RF signals shall be in accordance with DOD RIMS
64~900D and DOD RIMS £5-1000B. The radiation of the Mode 4 signals shall continue
only for the duration of the enabling of the KIR-1B/KIR-1C and shall cease
immediately with the cessation of the modulation signals from the KIR-{B/KIR-iC.

3:.5.20.3.1.2 Enabling the Mode 4 at the ARSR-4 Site.- 1%t shall be possible
to operate all of the above Mark XII enabling functions (including Mode 4)
from within the site of the ARSR-4. These functions shall be made possible
through the installation and use of one or more displays (3.5.16), There
shall be an automatic change-over of the control functions when the LDC(s) is
(are) placed into operation. When operating from the LDC(s), there shall be
no deleterious effects placed on the SOCC interfaces due to the change-over of
the controls. When the ARSR-4 is being controlled by the LDC(s), an alarm
signal shall be automatically sent back tc the RMS, to indicate that the
control of the RARSR-4 is not available to the SOCC operating positions. Upon
subsequent disabling of the LDC(s) and return of the control to the SOCC, the
alarm signals shall be automatically removed.
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3.5.50.3.1. 23 Sector Operation of Mode 4.- Sector enabling may be a function
of the BTP or the Mode 4 Processor. It shall be possible to select sector
operation from the SOCC and the ARSR-4 LDC(s) with the sector centered over
any selected azimuthal positicn. A separate control such as an enable line or
switch control shall be provided for 360 degree operation.

2.9.20.3.1.3.1 Mode 4 Sector Enabling.— Sector control of the Mode 4 shall
be done by enabling the circuits of the KIR-1B/KIR-1C, in accordance with DOD
RIMS £4-900D. Sector control shall be performed by selecting an azimuth
poeition and having the sector start before and center over the chosen
azimuth. The sector width shall be 1@ degrees (sector azimuth +/-0 degrees).
Wher 362 degree operation is desired, it shall be made available through a
saparate (momentary type) comtrol function.

3.5.28.2.1. 3.2 Mode 4 Provisions for Operational Regulations.~ Provisions
shall be made in the ARSR-4 design to automatically send an alarm via RMS to
the MPS and inhibit the Mode 4 operations during the following situations.

(a) Wher. 3E@ degree operation is initiated and in use

(b) When Mode 4 is initiated and conflicts with any of three site
selectable sectors. The sector azimuths and widths shall be site
adjustable in one degree increments over the entire 36@ degree
coverage volume,

The design of the ARSR-4 shall provide a simple means for bypassing the alarm
and the ivhibition of the Mode 4 operatiorn at the ARSR-4.

2.5.20.3.1. 4 Enabling Mode 4 Along with Modes &, 3/A, and C.- Both of the
following Mode 4 operating modes shall be selectable from the SOCC. The BTP
shall be capable of suitable cperation with both (a) and (b).

{a) When the Mode 4 is erabled, the Mode 4 signals shall be combined
and radiated simultanecusly with any of the operating
Modes 2, 3/R, or L. Mode S shall be inhibited on the front beacon
anterma, but may radiate on the back beacor antenra in Mode §
Beacems. In meeting all of the requirements specified herein, the
contractor shall take into account any mutual interference effects
induced by any of the beacon antennas radiating, regardless which
of the three beaccn anterma configuratiorn is used. This form of
dual mode operation is sometimes indicated as Super Mode, and is
the riormal mode of operation. Super Mode and Mode 4
interrogaticn-reply timing details are provided in Figure 3-9.

(b When Mode 4 is enabledi Meodes 2, 3/R, C, and S {in Mode S Reacons)
that are operational shall be inhibited (disabled) for the dur-
ation of the Mode 4 operaticm. The inhibited modes shall in-
stantly and automatically resume at the completion of the Mode 4
coperatior. This is a special mode of cperation.
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3.5.28.3.1.4.1  Synchronization.- The system shall synchronize all mode and
SIF interrogations so that there shall be no irnterference between
interrogatiors or replies for either airborne or ground operations relative to
the same target. The timing characteristics of the SIF pretrigpger shall be as
follows:

(a) Pulse Width 8.5 to 10.@ psec
{b) Frequency 208 to 450 pps

2.5.78.2.1.4.2 PRF.- The average PRF of the SIF pretriggers shall not exceed
5@ pps &s specified in DOD RIMS £5-1020B.

2.5.78.3.1.4.3 Mode &4 Pretrinper Jitter.— The Mode 4 pretrigper shall always
be inhibited if the jitter on the input SIF pretrigger is greater than

2.4 psec. 1f the jitter is less than 0.2 psec, the Mode 4 preirigger shall
zlways be generated. The range between 0.2 and 8.4 psec is a gray region due
to timing system tolerances and quantizing effect of the digital counters.
Thie feature may be bypassed by activating a switch on the synchronizer so
that challenges may be sent even when the jitier exceeds 8.4 psec.
2.5.26.3.1.4.% ATCRES STF Interrogation.- The ATCRBS SIF interrogation input

- e 4

pulse characte-istics shall be ir accordance with 3.4.2.2.

3.0.89.2.1.4.5 Not Used.-

o

o632, 1046 Not Usad.

s

3.5.28.3.3.4,7 Mode & Crallerpne Signal.- The Mode 4 pretrigger shall cause

the svetem to generate the Mode 4 challenge signal if the Mode 4 enable gate

is present. The Mode &4 challenge signal shall be in accordarnce with DOD RIMS
£4—3R2D.

2.9.28.3.1.4.8 Mode 4 Irterrogator Sidelobe Suppression (ISLS).- The system
shall gererate a Mode & trigger which shall be adjustable in position between
the fourth synchronous pulse and the first information pulse position of the
%ode 4 interrogation pulse train. A switch shall be provided which shall
cause the Mode 4 ISLS trigger to appear on a separate output jack or be mixed
with the Mode 4 challenge puls2 train at the same cutput with the Mode 4

challenge puise train. The Mode 4 ISLS pulse characteristics shall be in
acoordance with DOD RIMS £5-1020B.
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3,5.20.3.1,4.9 Mode 4 Gain Time Control (GTC) Trigger.- The system shall
provide a Mode 4 GTC trigger having the following characteristics:

{a) Pulse Duration 8.3 to 1.5 psec

(b) Rise Time 2.1 psec, maximum

{e) Fall Time 2.3 psec, maximum

{d) Amplitude +3 to 5 VDC

(e) Baseline @ + 1 volt DC

(f) Impedance 90 @

{(g) Timing 372 + 0.5 psec following M4
pretrigger

3.5.20.3.1.4.18 Mode 4 Video Suppression Bate.- The system shall provide a
Mode 4 videc suppression gate output. The video suppression gate shall have
the following characteristics:

{a) Duration 2 tg 10@ usec

{&) Rise Time 8.5 psec, maximum

{(c) Fall Time 1.0 psec, maximum

(d) Timing Within 8.5 psec of the first syrchronous
pulse of the challenge train.

(e) Amplitude +5 to S@ VDC

(f) Baseline @ + 1 volt DC

(g) Impedance 52 R

The video suppression gate shall be timed relative to the Mode 4 KIR trigger
to occur nominally 0.5 psec prior to the Mede 4 challenge videc.

3.5.20.32.1,4.11 Neise Jitter PRF.- The system shall generate a new SIF
pretrigger adjustable from 286 to 444 psec following receipt of a jittered
SIF pretrigger. The delayed SIF pretrigger shall have the following
characteristics:

{a) Pulse Duration 2.5 to 2.9 psec

(b) Rise Time @.1 psec, maximum
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{c) Fall Time 2.2 psec, maximum

(d) Jitter +/- 0.1 psec, maximum
{e) Amplitude +5 to S@ VDL

() Baseline 2 +1 volt DC

{g) Impedance 52 R

2.5.20.3,1.4.12 Internal Trigger.- The system shall have self-test circuitry
and use it to validate the presence of the Mode &4 pretrigpger.

2.5.20.3.1.4. 13 Mode 4 Pretrigger.- The system shall penerate a Mode 4
pretrigger 334 psec, +/-0.1 usec ahead of the time for a zerc range RTCRES
SIF reply. The pretrippger shall be correctly generated for any fixed PRF
between 20@ pps and 450 pps and for any two-cycle stagpered PRF.

3.5.20.2. 1.4, 14 Super Mode Pretripner Signal.- When in the Super Mode of
operation, the system shall generate a signal simultaneously with the Mode 4
pretrigger to indicate Super Mode (as opposed to Mode 4 only) operation.

2.5.20.2.1.4.15 Readout Delav.- The system shall include a timing site
adjustment that permits a zero range target to be delayed with respect to the
SIF pretrigger from a minimum value of 8 psec to a maximum of 28 usec.

3.5.20.3. 1. 4. 16 Mode 4 Mode Switch.- The system shall select the
interrogation train timing when the synchronizer (which sends the timing
trigger signals to the BTP) is used in automatic, Super Mode, or manual
override modes operation. The Mode 4 pretrigger shall be generated 354 psec
prior to SIF zero range. The Mode 4 pretrigger shall be generated 44! usec
prior to zero range.

3:,5.20.3.1.5 Mode 4 Loop Test and Self Tests.- The ARSR-4 shall alsc have
provisions for loop testing the Mode 4 function, including the interfaces from
the SOCC. The loop testing function shall exercise all of the functions of
the Mode 4 hardware units specified herein, except for the following:

{a) Functions of the KIR-1B/KIR-1C which performs its own self checks.
(b) The GRRS or FIRRS equipment rekeying and zeroizing functions.
Loop testing shall be capable of being performed without interruption of

normal operation of the Mode 4 function. Failures detected by the loop test,
and 18 status lines total from EIE and vault security shall be interfaced to

the RMS. The characteristic of each status signal is as follows:

-127-



FRA=-E-2783b

September 30, 1990

KG-84C Alarm € each
KB-84C Transmit ready remote indication £ each
KIR Lockout light return 1 each
KIR Code zercize and alarm ocutput 1 each
Vault overtemp € each
Vault door open 2 each

The Mode 4 function shall include the provisions necessary for performing all

of the Mode

2.5.20.3.2

4 tests specified in Paragraph 3.5.15.8.

Mode 4 Processing Requirements,- The design of the BTP/Mode 4

Processor/Mode 4 Evaluator when interfaced with the KIR-I1R/KIR-I1C equipment
shall perform the following functions:

{a)

(b)

(c)

(d)

Provide synchronization of Mode 4 and SIF interrogations.

Determine the FRIEND level through a target reply evaluator which
performs its evaluations from Time Decoded Videco received from the
KIR-1B/KIR-1C which receives Mode 4 replies from the RTCBI-S or
Mode S Interrogator. The evaluator for this FRIEND determination
may be designed as a separate electronic assembly located near the
BTP or may be internal module(s) in the BTP or Mode 4 Processor.
The degree of FRIEND determination by the evaluator shall be equal
to or greater than the FRIEND determination produced by the
algorithm given in 3.5.20.3.2.2.1 which has three designators:
TRUE FRIEND, NERR FRIEND, and POSSIBLE FRIEND.

Provide a capability for bypassing the Mode 4 evaluator function
to supply norevaluated Mode 4 reply signals. R "non-evaluated
Mode 4 reply signal" as used in this context is a Mode 4 video
signal. When the evaluator bypass is in effect, Mode 4 messages
shall not be sent to the SOCC. Only evaluated Mode 4 reports
shall be transmitted to the SOCC via the message formatter.
Non-evaluated reply signals shall be made available at the LDC for
test purposes., When this bypass function is being utilized, the
other Modes of 2, 3/R, and C, as well as the Mode S (for sites
equipped with Mode S) shall not be inhibited or otherwise
perturbed.

Provide the Mode 4 signals to the Mode 4 Processor where the

Mode 4 signrals will be converted to message units and output to
the KG-84C for encryption and transmission. Detailed requirements
for this output are given in Paragraph 3.5.20.3.2.1,
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3.5.20.2.2.1 Mode & Processor Functions.- The Mode 4 Processor shall perform
the following functions:

(a) Initiate Mode 4 transmission pulse trains in accordance with
3.5.28.3. 1.

{b) Separate received evaluated or nonevaluated Mode & signals from
received Mode 2, 3/R, and C signals.

{c) Convert Mode 4 signals into messapge items for formatting in the
messapes specified herein.

(d) Route DOD Mcde 4 message items to the message formatter where they
shall be buffered and routed for encryption by the KG-84C
Interface Device.

{e) Route non—-Mocde 4 messape items to the messapge formatter where they
shall be held, combined with the Mode 4 message items, and routed
for transmission to the SOCC through the KB-B84C Interface Device
and modem. (See Figure 3-6).

The Mode 4 processor shall also have a self-test feature which provides an
alarm signal to the RMS in the event of failure of any of its functions.

2.5.20.3.2.1.1 lsclated Mode 4 Dutput.- Mode 4 sipgnals shall be separated
from other reply signals and routed to the KIR-1B/C for decoding. Time

gecoded sigrnals from the KIR-1B/C shall be routed to the Mode 4 processor for
friend level determination.

3.5.20,3.2.1,.2 Mode 4 Designator.- The Mode 4 designator shall perform the
necessary conversion and digitalization of Mode 4 video to message items and
route them to the message formatter, where the non—-Mode 4 and the Mode 4
message items are formatted into DOD messapges.

3.5.20.3.2.1.23 Mode 4 Synchronizer.~ Mode 4 request messages from the SOCC
via the Interface Device and USAF modem shall be stored in the Mode 4
synchronizer memory.

The memory shall be capable of storing a total of 2! request messapes which
shall be used in conjunction with the beacon antenna azimuth data to generate
Mode 4 enabling gates for the requested azimuth sectors.

3.5.20.3.2.1,3.1 Not Used.~
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3.5.20.3.2.1. 3.2 Not Used,~-

3.5.20.3.2.1.3.3 Not Used, -
3.5.20.3.2.1.3.4 Not Used,~- .

B e ——————————————
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3.5.20.3.2.2 Mode 4 Evalustion.- The evaluation of the Mode 4 reply signals
is a statistical procedure that searches for a sufficient number of valid
responses to a given number of Mode 4 challenges. This evaluation shall be
performed either in the separate electronic assembly, the BTP, or the Mode 4
Processor.

The Mode &4 reply signal evaluator shall achieve the following performance:

(a) The target identity shall be determined from Mode 4 replies in
accordance with the established criteria for Enemy Acceptance (EA)
and Friend Rejection (FR) requirements in Appendix B, part I, to
this specification.

(b) The criteria for EA and FR shall be met in & variety of signal
density environments. The correct number of statistical replies for
EA and FR shall be determined from an environment sampling procedure
having 3 sampling levels. The following level values shall be used:

Environment Level
Low 0 - 5,000 replies per second
Medium 5,000 - 15,000 replies per second
High 15,000 - 30,000 replies per second

The numerical values represent the total of all modes of target
replies. These numbers represent the total synchronized and
nonsynchronized (fruit) replies and spoofs. For the purpose of
meeting the EA requirement, the specified Mode 4 target
environment shall consist of deceptive Mode &4 spoofer aircraft and
bonafide Mode &4 aircraft. The Mode &4 reply evaluation algorithm
shall take into consideration that some aircraft may employ
spoofing techniques consisting of up to eight randomly distributed
guesses over each of the 16 possible Mode 4 range time delay
positions to enhance their probability of Friend Level
identification. In this situation, the deceptive Mode 4 spoofer
may appear as eight independent targets and will be counted
against the specified Mode 4 target environment. Under momentary
conditions of extremely severe target environments (in excess of
30,000 target replies per second within the reception volume), the
determination of the EA shall be given greater importance than FR.

The minimum acceptable Mode 4 evaluation capability uses a friend sequential
observer technique and three thresholds to evaluate each Mode 4 reply and
decide its identification level. If this technique is used for the ARSR-4
design, the interrogation rate shall be variable, to meet the requirements of
Appendix B, Part I of this specification in the specified Fruit environment.
Several superior methods of target evaluator design have been developed.
These methods recognize the Mode 4 enviromment and automatically verify and
designate targets in accordance with the changing environments. One of these
superior methods may be used and is preferred.
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3.5.20.3.2.2.1 Mode 4 Friend Level Decisiomn.- Each friend level decision
shall be in the form of two data bits, Dl and D2, for inclusiomn in the Mode 4
messages specified previously. Four different levels shall be indicated. Dl
alone represents possible friend, D2 alone represents near friend and Dl and
D2 together represent true friend. Neither D1 nor D2 represents null or no
decision. The thresholds for each friend level shall be selected to meet the
requirements of Appendix B, Part I, for the environment specified in
3.5.20.3.2.2. Mode 4 in-line friend processing shall be invoked to resolve
four or less Mode 4 targets which have an alignment in range such that they
£all into the critical timeslots of other Mode 4 targets throughout the
azimuth runlength of the targets.

3.5.20.3.2.2.2 Mode 4 Thresholding.- The variable thresholding for
determining the proper FRIEND identity can be a continuous function or the
three level step function specified previously. In either method, the
selection of the evaluation criteria shall be completed and automatically
accomplished through sampling techniques of the BTP. Any method that relies
on preset or manual selection for the criteria at either the ARSR-4 site or
the SOCC will not be considered acceptable. The duration of the evaluation
criteria shall continue only as long as the duration of the governing
environment exists. As the environment changes, the correct evaluation
criteria shall automatically change. The normal density of the target
environment will not be constant throughout a single scan of the ARSR-4
antenna, and succeeding scans may, or may not, duplicate the target densities
of the preceding scans. Therefore, the full range of evaluation criteria
shall be capable of adapting during a single scan, and re-adapting during
successive scans.

3.5.20.3.2.3 KIR-1B/KIR-1C Functions.- The KIR-1B or KIR-1C will perform the
following operations:

(a) Generate Mode &4 modulation pulses in response to Mode 4 challenge
directions received from either the SOCC or the LDC in accordance

with 3.5.20.3.1.
(b) Time-decode Mode 4 replies.

Details on the operation and interfaces of the KIR-1B/KIR-1C are provided in
DOD AIMS 64-900D. The KIR-1B or KIR-1C will eventually replace the KIR-lA4,
which will allow an electronic (rather than mechanical) rekeying capability
through the Interface Device and formatter.
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3.5.20.3.28. 4 Formatter Mode 4 Functions.- The formatter shall perform the
functions specified in the following subparagraphs.

3.5.80.2.2.4,1 General.~ The formatter shall provide:

(a) Recognition and routing of all Mode 4 request messapes from the
S0CC as specified herein.

{b) Time of Year (TDY) clock time code to the GRRS/FIRRS. Interface
of TOY to BRRS/FIRRS shall be defined by the ARSR-4 contractor.

All encryption and decryption of messapge traffic to/from the SOCC will be
.accomplished by the interface device.

3,5.20.3.2.4.2 Detailed Reguirements.- The formatter shall perform the
following fumctions in conjunction with the KIR-1B or KIR-1C:

(a) In the event of Mode 4 equipment or communication link failure,
generate a fault/status indication which is transmitted to the
S0CC prior to the completion of the next full radar scan, i.e.,
within 12 seconds.

{b) Provide the status of the E}E equipment housed in the security
containers to the SOCC as part of the status message sent to the
SDCC.
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3.5.20.4 Mode 4 Interface Furction.— The Mark XII Mode 4 interface function
shall provide all of the internal and external interfaces for the Mark XII
Mode 4 function between the SDCC and the RTCBI-S or Mode S Beacon
Interrogator. Reguirements for these interfaces are provided below. Control
of Mode 4 operation and receipt of Mode 4 information is accomplished at the
SOCC through transmission and reception of messages as specified in 3.5.13.
A1l data in the Mode &4 messages between the ARSR~4 and the SOCC will be
encrypted and decrypted by the KB-84C Interface Device. The Mode 4 interfaces
and subsystem and system irnterconnections presented by this specification are
functional., Variations in actual design will be acceptable if they meet the
performance requirements specified herein and are electrically and physically
compatible and interoperable with the EIE. .

gkg;em.4.1 Interface Block Diagrams.- The simplified diagrams presented
herein identify the functions and basic interconnections between the Mode 4
and associated units of the ARSR-4, Figure 3-1! presents the elementary
interfaces for the Mode 4 Function with their descriptions following the
diagram, There has been no attempt to identify all of the operational
functions via this drawing, nor imply any particular design.
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The interface between the ARTCBI-5 or Mode § BReacon Interrogator
and the BTP provides the challenge requests, mode selections, and
enabling signals from the BTP to the ATCBI-D or Mode S, and &lso
the tarpget video sigrials and timing trigpers from the Beacon to
the BTP.

The interface between the BTP anc the Message Formatter is tarpet
messape information including the Mode 4 message information,

The interface between the Mode 4 Processor and the BTP provides
the operational control signals from the SOCC, from the LDC to the
BTP, and tarpet video sipgnals and timing triggers from the BTP to
the Mode &4 Processor, Both analop Mode 4 reply video sipnals and
Mode 4 time decoded videc signals shall be available at this
interface for display on the LDC and be available at the
demarcation point.

The interface between the SOCC and the Mode 4 Processor (via the
Modem, Interface Device, and formatter) provides the requests for
operation from the SOCC which are passed along to the BTP with
"tap-off" sigrals for the Mode 4 Processor; as apprepriate. Rlso
included is an alarm signal to the RMS to indicate when the LDC is
being used. .
The interface between the LDC(s) and the Mode &4 Processor provides
the same controls for operation as are provided by the SOCC, but
for operation from the site of the RRSR-4, When the operation is
corntrolled by the LDC(s)§ the controls from the SOCC are inhibited
at the Mode 4 Processori and an alarm signal is automatically sent
back to the SDOCC as notification that the control of the ARSR-4 is
being conducted at the site and SOCC control is not available.

The interface of the Mode 4 Processor to the Message Formatter
provides timing triggers to the message formatter. It also
provides the Mode 4 data to the SOCC via the message formatter,
KG-84C Interface Device, and Modem.

The interface between the Message Formatter and the KB-84C
Interface Device provides all USAF messages for transmission to
the SOCC.

The interface between the Formatter and the Mode 4 processor
provides the Mode 4 request messages from the SDCC.

The interface between the ARSR-4 system and the EIE provides for
monitoring of the EIE alarm/status indications.
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. 5. 20 Physical Location of the Mode 4 Subassemblies.- The location of the
KIR-1B or KIR-IC requires special attention. The KIR-!B or KIR-IC shall be
physically protected (such as with locked mourting) against unauthorized
removal, but must be easily removable by authorized personnel. This assembly
is not serviced in the field, but is replaced as a standard maintenance
procedure. The KG-84Cs will be mounted in fixed plant adaptersi the adapters
shall be installed in security containers using mounting capabilities provided
by the contractor. The fixed plant adapters shall mount into standard 1S inch
racks and have a height of B8.735 inches.

(a) The KIR-1B or KIR-1C, the KG-84Cs, and the GRRS or FIRRS shall be
secured in NSA-approved security containers (Mosler or Hamilton,
Model #54-4Q for either company). The internal wiring needed to
interconnect the EIE shall be provided by the Boverrmment. The
contractor shall provide cables for interfacing the formatter with
the KIR-1B or KIR-1C and the KG-84Cs. The contractor shall
install and interface with sensors on the front and rear doors
which shall detect the opening of the doors. #An alarm message
shall be generated when either or both of the security container
doors are opened. The ARSR-4 design shall provide for remoting
this container as much as S@ feet away from the rest of the ARSR-4
equipment.

{b) The econtractor shall provide a switch panel physically located
within the security container having the functions specified in
Paragraph 3.5.20.3.

The security container shall house a switch function, accessible only to
authorized perscnnel, which enables/disables the output to the LDC of the
friend evaluation data bits, D! and D2, as specified in Paragraph
3.5.20.3.2.2. 1.

Provisions shall be made for mounting the KIR-1B or KIR-1C and the KG-84Cs in
the security containers to permit manual rekeying through their key-fill
connectors using KYX~1S5, KYK-13, or KDI-18 fill devices and with the vault
door open.

3.5.20.6 Mark XII Operating Contrcls.- AR single control panel shall be
provided on the LDC and shall be designed to meet both FAR and Air Force
operating requirements. It shall be possible to use multiple paralleled LDCs
at the site of the ARSR-4 utilizing a single design of interface cabling.

3.5.20.7 Eguipment and Cable Conmnectors.- The design of all of the Mode 4
hardware (including existing Mark XII equipments) shall be interconnected with
Military-Standard cables and connectors. They must mate with existing
equipment connectors, including having identical pin locations, to aveoid a
need for modifying any of the existing hardware. Whenever practical, similar
connector types shall be used. The use of adapters to meet these requirements
shall not be acceptable.
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3.5.2]1 Remote Monitoring Subsystem (RMS) Interface.- The RMS of the ARSR-4

is part of a total site RMMS that will monitor the overall facility. As such,
the radar RMS must interface with a site data concentrator (microprocessor
based) which accepts RMS data from all site equipment and concentrates it for
transmission to a remote monitoring processor. The concentrator (EIE) will be
transparent to the RMS. The concentrator interface requirements are detailed
in NAS-MD-790, as modified in paragraph 3.5.15.8.8 of this document.

3.5.22 Modem Interface Requirements.- The ARSR-4 shall be designed to
operate correctly and efficiently with the digital data communication
equipment without modification to that equipment or its interface requirements
specified by FAA-E-2217, Parts 1 and 2. The applicable interface signal
characteristics are summarized in the following paragraphs.

The data shall be clocked out of the ARSR-4 by the leading edge of the clock
signals generated by independent modem transmitters. The output data shall be
valid within 4.5 usec after the clock’s leading (positive-going) edge. The
positive amplitude shall represent a logical "1" state.

Although the frequency of the clocks will normally be 2400 Hz (FAA-E-2217,
Part 2, paragraph 2-3.3.3 and subparagraphs), the ARSR-4 shall be capable of
operating with any clock frequency from 2,400 to 56,000 Hz inclusive, applied
to any or all ARSR-4 output data ports. The modem clocks may be synchronous
or asynchronous and at different frequencies.

The electrical characteristics of the clock will be as specified in
FAA-E-2217, Part 2, paragraph 2-3.2.1.3. The ARSR-4 interface cables and
terminations for these clocks shall be such that correct operation is
maintained with any combination of conditions permitted by this paragraph of
FAA-E-2217, including the 100 Q source impedance. Five of the 20 output data
ports shall have the electrical and mechanical (e.g., 25 pin and 37 pin
connectors) characteristics of EIA-RS-232, EIA-RS-422, and EIA-RS-530. Six of
the data ports, designated military ports, shall have the electrical and
mechanical (25 pin connector) characteristics of EIA-RS-530. The remaining
nine of the 20 data ports shall have the electrical and mechanical (25 pin
connector) characteristics of EIA-RS-232.
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The positive and negative amplitudes shall be balanced to within 10 percent of
each other. The positive amplitude shall represent a logical "1" state. The
interconnecting cable types for both data and clock shall be compatible with
meeting all of the modem interface requirements.

3.5.23 Not Used.-

3.5.24 Automatic Refraction Correction for Radar Height Processing.- The
radar height processor shall automatically compensate for the atmospheric
refraction in calculating the height of targets. The refraction estimate for
the atmosphere between the radar and the targets shall be made from the
surface weather data provided by the weather station specified in 3.5.24.1
below. Any reasonably sophisticated atmospheric model can be used for
refraction correction and height computation; however, at the minimum, a
modified earth radius Ka varying with elevation angle and range, based on the
Central Radio Propagation Laboratory model, shall be used. In case of weather
station malfunction, the refraction correction factor(s) shall revert to a
field adjustable preprogrammed value. The atmospheric model or zero degree
elevation Ka value shall be available to the site RMM concentrator for
transmission to the MPS on request. The maximum height accuracy error
attributed to weather conditions shall be that wvalue corresponding to 30
degrees Celsius at any relative humidity. (The corresponding worst case
refractive index (N) for this temperature and humidity shall be 5.5.

3.5.24.1 Weather Station.- The ARSR-4 shall be equipped with weather v
instruments which will measure local outside air temperature, outside dew
point, and local barometric air pressure. These instruments shall be of such
design that the information they provide can be digitized for use in the
computation of the refraction index (N) of the atmosphere at the approximate
elevation of the radar antenna. The processor used to compute the Ng can be
housed in an enclosure, or it can be a part of the search data target
processor. The digital weather data, including the Ng shall be available at
the LDC and to the site’s concentrator for transmission to the MPS on request.
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3.5.25 Data Extraction Subsystem.- Each ARSR-4 shall include a data
extraction subsystem, capable of extracting data from the operating system
in real-time, and recording that data for subseguent off-line reduction and
analysis. It shall be possible to initiate and operate the data extraction
subsystem either locally or remotely, so that data extraction can extract data
without or—site persornrel, thern the data can be retrieved at a later time.

The extracted data shall be used as an off-line troubleshooting and analysis
toml. Data shall be extractable indeperdently from each of the ARSR-4's
Central Processing Units (CPUs) or propgrammable comtrollers which processes
variable data. The extractiocn process shall be "fail-scoft"i that is, the
process shall in no way encumber the capability of the remainder of the ARSR-
4, 85 real-time data processing demarnd on the ARSR-4 grows to the point where
insufficient memary and/or capacity is available for full processing,
appropriate indication shall be provided in the extraction data, and the
extraction process shall be automatically reduced in extent. As demand on the
ARSR-4 diminishes, the extraction process shall resume automatically. The
data extraction furction shall have the capability to extract all data in any
sne of the individual categories defined in 3.5.25.1, while at any load up to
100 percernt of the capacity load defined in 3.4.1.8 and 3.4.2. The extraction
subsystem shall be capable of changing the particular set of data categories
extracted in real time, under the contraol of arn operator. It is acceptable
for data to be collected in real-time under a generalized format and converted
off-line to the formats specified. The Data Extraction Subsystem shall not
zxtract classified data.

-

2.5.35.1 Data Categories.- The categories for data extraction shall include,
but are not limited to, those described below. A complete list of categories

for data extraction shall be submitted to the goverrmernt by the contractor for
apprioval.

(a) All digital 1/0s and significant internal data points for the
receiver, clutter processing, target extraction, beacon/search
reinforcement, scan to scan correlation, formatter, and weather
station data functions. Significant internal data points include
range bin, azimuth, elevation and other information as necessary
to verify the performance of both radar and beacon systems. I and
o data shall only be recorded to the extent possible with site
recording equipment.

{b) A1l digital I/0s and significant internal data points for the
weather data subsystem, including the ground clutter suppression,
weather averaging and thresholding, and weather data reporting
functions.

{c) A1l digital 1/0s and significant internal data points for the BTP.

(d) All digital 1/0s for EIE interfaces with the ARSR-4.

{e) RMS data, scan data, and system diagnostics data.
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Each block of extracted data shall contain only ore category of data and shall
have at the start of the block a unique tag to identify the data category
within. A minimum of S@ percert of the possible category types shall be left
unused by the contractor for future use.

The categories to be extracted shall be selectable. The cperator shall have
the option of deleting or adding category types after extraction has started
without affecting the ones in progress.

It shall be possible to prioritize categories in order to extract preferred
data during pericds of heavy data locad when system limits may cause scme data
to be lost. There shall be at least four levels of pricrity. When the
covdition exists that all desired data carnot be extracted and recorded, the
lower pricrities shall not be extracted. When the overload conditions clear,
the extraction of lower priority data shall automatically be resumed.

The conditicns of extraction shall be reported as a header for each category.
The header data shall be repeated at selectable intervals from 1 to €2 minutes
or when the extraction conditions change.

The contractor shall provide, as a minimum, a complete listing of the various
extraction messages, their formats, and proposed data reduction processing.
Each type of extracticn message shall be identifiable by a unigue message
oode, to facilitate off-line data analysis.

3.9.85%. 2 Data Reduction.— Data reducticon software shall be provided to
process the extracted data. It shall be compatible with on-site Quick-Look
monitor, on-site printer, and on-site recording equipmert and alsc with use at
the ARSR-4 PSF., This software shall provide at least the following functions.
2.5.35.2.1 Quick-Look Data Processing.- Provide at each ARSR-4 site the
capability to filter the recorded data for viewing or printing via keyboard
commards. As a minimum, category type, scan number, time, beacon code, range
cell, azimuth, and altitude shall be included as filter parameters. It shall
be possible to group twe or more filter parameters using "and“, "or", and "if"
legic fumctions to determine which data is viewed and/or printed. There shall
ke the capability of having multiple filter expressions, each being
independert and producing a particular type of data ocutput.

The data cutput shall be in a form which is easily understandable. It shall
be labeled with respect to type and units of the data. The labels shall be
presert at least cnce per page and viewing screen and be composed of text,
abbreviations, or acronyms.
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3.5.25.2.2 Extended Data Processing.- In addition to the "quick-look" data
reduction software, the contractor shall provide extended data processing
programs which will be used solely at the ARSR-4 PSF. The extended data
processing shall include all capabilities specified in 3.5.25.2.1, plus the
analysis of ARSR-4 system hardware and software, including all messages.
System hardware analyses shall include the capability to determine ARSR-4
range and azimuth resolution from data in beacon and search range and azimuth
cells. The ARSR-4 PSF shall have the capability to plot all data provided as
a result of the extended analysis. Data shall be plotted with a minimum dot
resolution of 1K by 1K, and the hard copy of the plots shall be at least 1l
inches by 17 inches.

3.5.25.3 Extraction Eguipment.- All hardware and software shall be supplied
to record the extracted data and to support the on-site use of data retrieval
and guick look analysis data reduction software. The extraction equipment may
be a subassembly of the LDC, sharing the LDC keyboard, displays, and printer.
The data extraction assembly shall be programmable to reccrd predetermined
data samples at selected times and intervals.

I1f design reguirements warrant a stand alone data extraction and analysis
assembly, it shall be a general purpose computer conferming to IEEE-796 and
shall have the speed and capability to perform the required tasks. It shall
have keyboard entry, display, and printing capabilities.

Additionally, a data recording assembly shall be provided and have sufficient
storage capability and recording speed to be compatible with the reguirements
stated in 3.5.16, 3.5.25, and 3.10. This assembly shall have sufficient
recording capacity such that target data recorded through the data extraction
subsystem for a minimum of two hours of all target data sent to the formatter
can be stored on a single unit of magnetic media. The magnetic storage media
used to record the extracted data shall be easily transportable.

3.5.26 ARSR-4 Start-Up.-
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3.5.26.1 Definition and Purpose.- ARSR-4 start-up is defined as the activity
required to bring the ARSR-4 into normal operation after a period of
nonoperational status. This function shall provide the capability to bring
the ARSR-4 into normal operational "on-line" condition after a period of
nonoperational status or equipment configuration change. The function shall
be activated by input command from any of the following control units and be
performed in an automatic sequence.

(a) ARSR-4 automatic restart (after operational pause) upon command of
either the ARSR-4 error recovery or performance monitoring
functions (restart after replacement of failed units with standby
units or after interruption/restoration of power).

(b) RMMS commands generated at the MPS.
(c) Local commands generated by on-site personnel.

3.5.26.2 Initalization of System.- Bringing the ARSR-4 system up from a
nonoperational status shall include time of year clock synchronization and
site operational program loading. Without any data modifications, the ARSR-4,
excluding the LDC, shall come to its full operational configuration within one

hundred eighty (180) seconds.

3.5.26.3 Svstem Recoverv.- The ARSR-4 shall meet the regquirements of 3.6 in
the event of partial or complete loss of line voltages.

3.5.26.4 Computer Software Loading.- Operational computer program software
loading, excluding the operating system, shall be from EEPROMs into RAM for
ARSR-4 operation. The ARSR-4 shall also have the capability te load the
master software into EEPROMs from transportable mass storage media, in
addition to any other program installation technique provided by the
contractor.

3.5.27 Site Operational Software.- The contractor shall provide all software
required for the operation of the ARSR-4 in accordance with the terms of this
specification. The operational software shall provide the capability to adapt
each site to local conditions and site specific operational requirements.
Selection of adaptation parameters shall be based upon the requirements listed
in this specification. These parameters shall include, but not be limited to,
the major type categories listed below.

(a) Operating parameters of associated site equipment interconnecting
to the ARSR-4.

(b) ARSR-4 system calibration data.

(e) Geographical data (e.g., site specifie radar coverage data, map
parameters, and site elevation). :

-144-



FAR-E-E763b
May €, 1988

{d) ARSR-4 RMS calibration performance momitor parameters (e.pg., alarm
decision tables, RMM data reporting criteria.)

(e) ARSR-4 operational parameters to be used.
{(f) Control of ARBR-4 lopgical functional units.

(g Dther ARSR-4 furnctional parameter values that may be affected by
special conditions occurring at a particular site and, herce,
requiring other tharn the normal parameter values.

The design of the scftware shall allow site adaptation parameters to be
ertered into ARSR=4 nonviolatile memory in two ways, from a manual keyboard arnd
from transportable mass storage media. Each entry shall occupy only one
mencry locatiorn., Entry of site adaptation data shall be performed with
minimum ARSR-4 downtime (only the time required to load the new program datal.

2.5.27.1 ARSR-4 Site/Field Adjustable Parameters.- The operational

software shall provide for the entry or change of parameters identified as
gither site adjustable or field adjustable in this specification with ro
downtime. Field adjustable parameters shall be entered or changed from either
remately located consczles through the RMMS or from the site using the LDC and
the portable terminal (EIE). The control of the site adjustable parameters
shall only be performed at each ARSR-4 site. The following capabilities shall
be available for use by an-site mainternance personnel.

{a) Installation of the master functional program from a transportable
mass storage media inta ARSR-4 nonvolatile memory.

{b) Installation of the ARSR-4 site/field adjustable parameters into
norvalatile memory., These parameters shall be entered manually or
from transportable mass storage media at the site.

{c) Stering the ARSR-4 system operational program in RAM that has
access to the ARSR-4 site adjustable, field adjustable, and site
adaptation parameters stored in ronvolatile memory.

{d) Selection of any of the RRSR-4 site adjustable parameters by on-

site mainternarce persorrel for either temporary or permanent
changes.
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3.6 Primary Pocwer Requirements.- The equipment shall normally operate from a
commercial prime power source of three phase, four wire AC, LINE. The design
center voltages shall be 6@ Hz, 288 V, Phase-to-Phase and 12@ V Phase-to-
Neutral with a maximum voltage rarge allowance +/-15 percent. In case of
failure of the prime power source, power from an auxiliary engine—generator
source (not a part of this specification) will be automatically connected to
furnish power to the equipment within 15 secornds. Prior to switching te
auxiliary power, the remnants of commercial power (e.g., two phases remain
cornected and orne phase is lost) normally remain connected to the radar
system. The ARSR-4 shall be designed in such a manner so that the remnants of
commercial power do not damage the equipment or in any way affect the
capability of the ARSR-4 to recover following restoration of primary power.
Prime power requirements of the ARSR-4, which includes all items provided by
the contractor, shall be limited to 85 KVA. Beacon equipment (RTCBI-S or

Mode 5) shall be excluded from the lcad calculations.

2.€E.1 Prevention of Data Loss.- The contractor shall provide the means for
maintaining any critical data necessary to restore the system to normal
operation within 100 msec following restoration of power when primary power
failure occurs for greater than 20 msec, but equal to or less than 15 seconds.
The restoration of normal operation shall be automatic. A1l operational
programs, fixed and dynamic map(s), field and site adjustable/selectable
parameter settings shall be preserved. Data in the scan to scan correlation
functicn shall be preserved and track continuity maintained.

For power variaticns outside the voltage range specified in Table IV of FRA-G-
ZidQ, the following modifies paragraph 3.32.4.1 of FAR-G-2128. The transmitter
is mot required to radiate’ haowever, upon re-application of normal lirne
voltage, the trarmsmitter will resume full normal operaticn. Additionally, the
radar system will resume normal aoperation without loss of critical radar
timing, RPG data, range/azimuth gating data, operational programs, fixed or
dynamic map(s), and field and site adjustable/selectable parameter settings.

Far power interrupticns in excess of 1S secornds, the ARSR-4 system operatiom
shall be automatically restored within one minute after power is restored.
Fixed map{s) and field ard site adjustable/selectable parameter settings shall
be preserved.

2.E6.1.1 Power Variations.- The ARSR-4 and all supporting equipment shall
meet all functional and performance requirements, and shall rot output any
zuch false data during operation under the envirarmental conditions listed in
Table III of FAR-G-2198. The following items amend Table Il of FRA-G-Z1@@.

(a) Over slowly varying AC line voltage within specified limits,
changing at the rate of 5.@ V/sec or less.

(b} Dver slowly varying AC line frequency within specified limits,
changing at the rate of 1.8 Hz/sec or less.
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{c) The ARSR-4 equipment shall cperate correctly with no shutdown in
the presence of partial or complete loss of the line voltage(s)
for up to 2@ msec at a time.

(d) No damage shall occur to the ARSR-4 due to partial or complete
logs of line voltape.

2.6.1.2 Trancient Protection.- The contractor shall provide transient
oratecticon for ARSR-4 power supplies and their loads, without resorting to
power conditioning equipment., Transient protection shall be sufficient to
deal with transients from either commercially generated power or from on-site
emergency pgenerated power. The type of transient protection used shall
consist of, but rnot be limited to: voltage transient protection on input power
linesi ir—rush limiting circuits in power supplies to prevent damapge to
rectifiers during turn-oni and soft restarts that allow power supply loads to
be turned on in segquence during the start-up cycle specified in 3.85.26.

Ir additiom to transient protection, power supply reliability shall be

increased by conforming to the guidelines established in NAVMAT P4855-1.
Reliability of power supply locads shall be increased by automatically

" isolating sersitive circuits from detected power live anomalies. Anomalies

such as ground loops inm the loads shall be automatically detected and isolated

to improve persornnel safety.

3.6.1.2 Power Consumpticon.— The contractor shall pravide the Goverrment with
informaticn as to the normal operating and peak power loads of the ARSR=-4.
Data furnished shall describe the following conditions:

{a) Normal operationi i.e., 24 howrs a day, unattended.

{b) Attended/mairterance cperationi all equipment in maintemarnce mode,
worst case combivation of day/right and summer/winter conditions.

Power comsumption data shall be furnished for each assembly or cabinet of the
ARSR-4 (transmitter, anterna, receiver, processcr, RMS, etc.) for the above
conditions. The contracter shall design the ARSR-4 in order to minimize power
consumpt ion during all load conditions, particularly under the normal
operating load conditions.

2.6.1.4 Input AC Lirne Controls.- Except as otherwise permitted each ARSR-4
subsystem shall have its own power supplies and associated controls for the
input AC power lirnes. In additicon, a master power control for each ARSR-4
cabinet [anterma and Trarnsmit/Receive (TR) subsystem] and an ARSR-4 main power
cortral shall be provided. A1l controls shall meet the reguirements of FAR-G-
210@ paragraph 3.3.2.1. The power on-off controls for each subsystem shall be
circuit breakers meeting the requirements in 3.3.2.1.5 of FRA-6-21@8. Fuses
shall not be allowed as protective devices for any subsystem. R tripped or
manually turned-off breaker on any subsystem shall initiate a conspicuous
display of that condition. It shall not be possible for a subsystem to be
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without power, without an indication of that condition appearing on a status
and alarm panel, and initiating an alarm.

3.7 Data Processcr Architecture.- The data processor subsystem shall be
composed of several microprocessors tied to a multiple bus. The contractor
shall design the ARSR-4 hardware and software in the target processing
subsystem so that an architecture of prime shadowing of multiple
microprocessars is employed. If a microprocessor or several microprocessors
in this subsystem fail for more than 100 msec, the other microprocessors shall
automatically, and without a loss of data, assume the tasks of the failed
microprocessor(s). Additionally, this data processor subsystem shall monitor
the RMS processing and shall assume the role of the RMS processor in the event
of a RMS microprocessor failure.

2.8 Physical and Electrical Characteristies.- The requirements specified in
subparagraphs hereunder apply on all items in the contract unless otherwise
roted, and are in addition to specific equipment requirements centained herein
or in other referenced specifications.

3.8,1 Packaging and Constructicon.- The basic packaging concept of the
equipment shall be plug-in LRUs mounted in standard cabinets (.8.1.4), to the
extent practicable. The structural strength and rigidity of equipment
assemblies and cabinets shall be such that normal handling in loading,
shipping, unloading, and setting into pesition for installation shall not
damage the equipment. At least 20 percent of the front panel of each
equipmerit cabinet, tcgether with the interior cabinet space behind it, shall
be left unused. Blank panels shall be furnished and installed for any unused
space. The weight of each medule, LRU, and printed circuit board/card shall
rzt exceed 35 pounds, unless otherwise approved by the Goverrment, as
specified in MIL-STD-i{472.

3.8.1.1 Use of Existing Towers.- The ARSR-4 shall be of such size, weight,
ard cubic dimensions as to permit installation and operation, together with
the GFE beacon antermnas, on existing towers and in CFE radomes. Any
modification to the existing towers required to install the radomes shall be
provided by the Government.

3.8.1.2 Modules.- All equipment designs shall use modular construction with
the number of unique modules kept to a minimum. Plug-in modules shall be
standardized to permit interchangeability of like modules without alignment or
adjustment. All modules shall be keyed to prevent incorrect installation.
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3.8.1.2.1 Modular Concept.- The configuration of the modular assemblies
shall be ore of the following:

{a) Standard rack mounting slide-out drawers or chassis. Drawer
slides shall be heavy-duty locking type to permit locking the
drawer or chassis in either the normal (closed) or extended
position. LRUs shall be mounted vertically in the
drawers/chassis.

{b) Standard rack mounting assemblies with shelf mounted LRUs that
plug into a front panel/chassis assembly. LRUs shall be mounted
vertically,

(c) Standard rack mounting assemblies with swing—out shelves or card
cages with vertical or horizontal hinges. LRUs shall be mounted
vertically with the equipment in its normal operating
configuration.

2.8.1.2.2 Plug-in LRUs.- Plug-in LRUs shall be designed for mounting in card
bins or module bins. Plug-in LRUs shall have a metal chassis or other
suitable framework to provide a solid part mounting structure, with adequate
protection for printed wiring and small parts when inserting, removing, or
during handling of LRUs after removal from the eguipment., Rll plug-in LRUs
shall be capable of casual removal and insertion with power ON and without
damage to any circuitry.

3.8.1.2.2.1 LRU Removal and Insertion Damage.- RIll equipment shall be
designed to enable the casual removal and insertion of LRUs without causing or

inducing damage to any equipment external to the LRU.

3.8.1.2.2.2  Induced Transients.- R means shall be provided to enable the
removal or insertion of all LRUs, while on-line, without generating any logic
or electronic disturbance that may affect the on-line system operation.
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2.8.1.2.2 LRY Card Extenders.- For each ARSR-4 provided, a LRU card
"extender" shall be supplied for each type of LRU. An extender consists of a
prirted circuit board (not keyed in order to permit insertion into any
connector) with printed circuitry and coaxial leads. This extender shall
extend all input points across the LRU to a receptacle on the opposite end.
The removed assembly can then be plugged into the opposite erd of the
extender. The extender thus provides an accessible active cperating position
for any assembly normally inaccessible for maintenance and test while within
the bin. Pravisions shall be included to prevent an LRU from being improperly
oriented (for example, a printed circuit card reversed) when the extender is
in use. Mo permarnent degradation of system, subsystem, or LRU performance
shall result from proper use of the extenders. The contractor shall identify
to the Boverrment ary LRU, such as high speed digital circuits, that will nct
perfurna progerly while on extenders.

3.8.1.2.56 Mounting. - Plug-in LRYs shall be mounted side-by—side, bookcase
stvle, in an assembly, and shall be equipped with chassis guide strips or
rails {or both) and mating conmnectors, as are necessary to ensure positive
aligrment of the LRU comrector with its mating receptacle. Quick acting
fasteners shall securely lock fronmt-parel type piug—in LRUs ir their operating
prsition. A maximum withdrawal force of less than ten pounds shall be
reguired to remave ary LRUL
E)

€ Connectors.~ The conrectors' receptacles shall contain a
tAarxtlng key. The key location shall be differert for each unique
configuration of LRU. All assemblies of the sam= type shall have the same
polarizing ey location to ensure the proper type of LRU is inserted. The
«“\1rg method shall riot reduce the rnumber of connector pins. Mating

wrvectors shall be desigred for repeated use with the LRUs to ensure long-
te~m r2liable performance and with suitatle mountings to permit casual
insertion without Jamming or otherwise damaging the cornector units.

m

AL {{}]

1

.‘l)

-’D

A S

2.8.1.2.6 Interlocks.— Each LRU shall be provided with one or more
interiocks which removes all voltages of 15@ V or higher upon the opening of
the LBU for maintenance or adjustment of internal controls. The interlocks
shall have a marmial bLypass which car be activated to prevent interruption of
these voltages when the LRU is opened. The interlochks shall meet the
requirements of paragraph 3.3.7.1.6 of FRA-5-212€.

:. Dasiagn and Tansteection. - The ARSR-4 shall be designed ard

orstracted Lo comply w;'h the elecirical and mechariical designr reguirenmernts
scified in the following subparagraphs. il LRUs of a given type shall be
erntical arnd interchangeable

3.8, 3.1 srrasion Control.- Corrosion control shall comply with the

~
Aw
reqguirements of MIL-5TD-1250.
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3.8.1.3.2 Materials and Finishes.- The requirements of FAA-G-2100,
paragraphs 3.6 and 3.7.6 govern the selection of materials and finishes with
the exception that chemical film treatment of the surfaces of aluminum and
aluminum alloy (except castings) shall be equivalent to Class IA or Class 3 of
MIL-C-5541 or clear anodizing. Departures from any of the aforementioned
requirements requires Government approval.

3.8.1.3.3 Equipment Surfaces Painting.- All ARSR-4 equipment surfaces shall
be treated and painted in accordance with FAA-STD-012, unless performance
requirements herein or evironmental regulations can not be achieved with the
surface treatment of FAA-STD-012. Then specific written approval shall be
obtained from the Govermment waiving this painting requirement. The color
selection of the equipment surfaces in and on the tower and radome shall be
selected by the contractor and approved by the Government. The color of the
radome shall meet the requirements of 3.5.1.2.1.6. The color of the equipment
inside the ARSR-4 equipment room shall meet the requirements of 3.8.1.3.2.
Departures from any of the aforementioned requirements requires Government
approval.

3.8.1.4 Cabinet Design.- Equipment cabinets shall be of uniform size, not to
exceed 80 inches in height and 30 inches in depth and 36 inches in width. All
cabinets shall be of high quality, sturdy construction, accurately and
carefully fabricated, and with facilities for leveling (or shimming) and
fastening to the floor. Ventilation air shall enter near the bottom and exit
from the cabinet top, with the air exi% screened or otherwise protected to
prevent small objects from falling into the cabinet. This exit shall be
suitable for connection to a duct for venting. Cables may be routed directly
through the interconnecting walls by means of appropriate feed-throughs and/or
connectors. Access to the cabinet interior for normal maintenance shall be
from the front only, with full width latching access doors extending from near
the top of the cabinet down to the air inlet. Rear access is permitted only
for the purpose of installation, replacement, or repair of interconnecting
cables or wires. Access doors shall be mounted by slip-pin hinges so that the
doors may be easily removed. The hinges shall be adjustable and secured to
the cabinets by means of screws and nuts and bolts. All cable and waveguide
shall enter the cabinets near the top. Panels, chassis and LRU bins shall be
adequately supported within the cabinets and be of a size and weight that
shall permit removal and replacement by one technician. Convenience outlets
(as per paragraph 3.3.2.1.7 of FAA-G-2100) shall be provided on the lower
front of each cabinet.
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3.8.1.4.1 Overheat Warning Devices.- As a minimum, each cabinet shall be

provided with a temperature sensor located just inside the air exhaust outlet.
Sensing of a temperature rise in excess of the design limit shall be indicated
by a warning light conspicuously located on the cabinet, as well as by a
subsystem fault light. Additional temperature sensors and air flow switches
shall be provided as necessary to protect the subsystem from damage. The
cabinet overtemperature indication shall be fed to the RMS.

3.8.1.4.2 Cabinet Tllumination.- Shielded lights for general illumination of
the cabinet interiors shall be provided. These lights shall be turned on by
opening of the cabinet access door and turned off by closing the door. With
the door open, manual control of the lights shall also be possible. 1If
meters, controls, test points, etc., are visible or accessible with the access
doors closed, additional lighting shall be provided as is required to make
them readily visible with the room lights turned off. Manual control of these
lights shall be provided.

3.8.1.4.3 Front Panel Connectors and Cables.- Front panel connectors and
cables shall be limited to those required for testing.

3.8.1.4.4 Shorting Rods.- Adequately insulated shorting rods with a
connecting grounding strap permanently affixed to good cabinet grounds shall
be provided and installed on hooks inside the doors of all cabinets which
contain voltages (other than primary AC power) in excess of 150 V to enable
maintenance personnel to ground all points which are potentially hazardous
before performing equipment maintenance. Caution plates shall be installed in
appropriate locations to remind maintenance personnel to utilize the shorting
rods before performing any maintenance on the equipment.

3.8.1.4,5 Large Units.- If applicable, large units may be mounted on a
horizontal chassis, mounted horizontally at floor level such that fasteners,
terminals, and associated wiring for such units are easily accessible for
maintenance testing and repair through the front access door without requiring
removal of the chassis.

3.8.1.4.6 Indicator Lights.- The contractor shall provide indicator lights
in accordance with MIL-STD-1472 at the LDC and at the cabinets associated with
each ARSR-4 function to indicate the status of each selectable function, the
redundant units that are in use, and the units that are in a failed state.
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3.8.1.5 Ventilation, Heating, and Cooling Eguipment.- All blowers, vents,
and other envircnmental controlling egquipment necessary for the operation of
the eguipment over the range of the service conditions shall be provided by
the contractor. The ARSR-4 equipment shall not be dependent on building/room
air conditioning which may or may not exist. Each cabinet, including radar
transmitter cabinets that may be located in the equipment room, shall contain
its own blower subsystem. The contractor shall conduct a study of the ARSR-4
ventilation, heating and cooling needs which meets the requirements of 3.4.6
herein and FAA-G-2100, and submit a proposed list of requirements, on a site
by site basis, for Government approval. Outside air, if used, shall be
filtered (e.g., protective devices for ducts/vents such as louvers or screens
or both) to prevent water, insects, and other contaminants from entering the
ductwork and building. The equipment shall not overheat, develop hot spots,
or become unstable in operation with access doors of any or all cabinets open
or clesed for up to 8 hours.

3.8.1.5.1 Ventilation Blowers.- All primary cabinet blowers shall be three
phase, continuous duty type. Auxiliary blower motors as, for example, might
be employed for moving air directly through the heat sink of a power supply,
may be single phase provided, however, that they do not exceed 0.1 horsepower
in capacity. All blower motors shall be equipped with sealed, permanently
lubricated bearings.

3.8.1.5.2 Air Filters.- Disposable air filters shall be used and shall be in
accordance with paragraph 3.3.3.5.1 of FAA-G-2100. The air filters shall be
removable from the outside (exterior) of the equipment cabinets without the
necessity of opening access doors or moving any other equipment cabinets.

3.8.1.6 Not Used.-

3.8.1.7 Safetv.- System equipments shall be designed and constructed so that
the potential for personal injury during installation, operation, and
maintenance is minimized. The provisions of FAA-G-2100, paragraph 3.3.7

apply.

Control of modular construction shall be such that operator/maintenance
personnel cannot induce failure of the equipment. Malfunctions in the
equipment shall not induce any other failure into any CFE or EIE.

3.8.1.7.1 Electromagnetic Radiation (EMR).- Electromagnetic radiation shall
not exceed the permissible exposure limits specified in FAA-Order 3910.3.
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3.8.1.8 Human Performance/Human Engineering.- The systems' equipment design
shall conform to human engineering design criteria and principles to achieve
safe, reliable, and effective performance by operator and maintenance
personnel and to minimize personnel skill requirements and training time. The
human engineering shall be in accordance with MIL-H-46835.

Roise levels limits shall be as specified in paragraph 3.3.1.3.2 of FAA-G-2100
with the values of Table I, FAA-G-2100, modified as follows:

NOISE LEVEL LIMITS

Freguency Bands (Hz) Noise Limits (dB)
20-150 89
150-300 82
300-600 76
600-1200 73
1200-2400 70
2400-4800 68
4800-20000 66

The noise level limits shall apply to the simultaneous operation of all
equipment, including the I1/0 devices.

3.8.1.8.1 Access for Maintenance.- All §RSR—A equipments shall be configured
so as to provide ready access for replacement at the LRU level. The
accessibility requirements of FAA-G-2100 shall be met.

3.8.1.9 Workmanship.- Workmanship shall comply with the requirements of MIL-
STD-454, Requirement 9.

3.8.1.10 Interchangeability.- Interchangeability shall be governed by the
provisions of MIL-STD-454, Requirement 7.

3.8.1.11 Nameplates and Product Marking.- Nameplates and product marking
shall be in accordance with FAA-G-2100. Each major chassis shall have a name
plate and be located in such a manner as to meet Government approval. -

3.8.1.12 Test Points.- Test points and facilities for connecting test
equipment shall be provided for determining the performance quality of the
equipment. Test points shall be in accordance with FAA-G-2100, paragraph
3.3.2.4.

The contractor shall standardize all LRU, unit, and circuit card assembly
designs to conform with MIL-STD-2076 (AS) requirements. For the purpose of
this specification, the term "weapon replaceable assembly" used in MIL-STD-

2076 (AS) is equivalent to an LRU.
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3.8.1.13 Wire Identification.- Wire color coding shall conform to FAA-G-
2100, paragraph 3.5.5.25.11, except color coding is not required for wires
used in backplane wiring.

3.8.1.14 Printed Circuit Cards.- Printed wiring circuit cards are boards
utilizing printed wiring techniques and containing positions to plug-in or
solder-in integrated circuits or discrete units. Printed wiring circuit card
assemblies shall be considered the same as printed wiring boards, printed
cireuit cards, circuit card assemblies, and printed wiring assemblies. Single
sided, double sided, and multilayer printed circuit cards shall conform to the
requirements of FAA-G-2100, paragraph 3.5.5.15, unless technical justification
is provided to the Govermment for approval via contract letter. Screwdriver
adjustments required for alignment shall be held to a minimum; however, when
required, such adjustments shall be made on the printed circuit card. All
printed circuit cards shall use a common position on the connectors for the
power supply and ground leads. Printed circuit cards using wire wrap pins
shall have a pin guard/stiffener around at least three sides. All printed
circuit cards equipped with integrated circuit sockets and larger than 5 by 7
inches shall have a stiffener around at least three sides. Any departure from
this requirement calls for technical justification for Government approval via
contract letter. The maximum size of any printed circuit card shall be 12.0
by 16.0 inches except where ARSR-4 performance would be degraded by use of
this size card. The contractor shall provide technical support data
describing the adverse impact of using the 12.0 by 16.0 inch card with a
request for the use of a larger card. Regardless of the larger printed
circuit card size, the printed circuit card shall still be compatible with the
automatic test equipment provided with the ARSR-4.

Conformal coating of circuit cards shall not be used in the ARSR-4 design.
Some of the documents invoked through this specification for circuit cards are
predicated on the use of conformal coating. The requirements of those
documents shall still apply to the ARSR-4 design, except that the conformal
coating shall not be applied. The minimum spacing requirements between
conductors, conductor patterns, and conductive materials (such as conductive
markings or mounting hardware) of MIL-STD-275 and MIL-P-28809 shall be
modified as follows:

Voltage Between Conductors Minimum Spacing
0 to 10 volts, DC or AC peak 0.015 inch
11 to 75 volts, DC or AC peak 0.020 inch
76 to 150 volts, DC or AC peak 0.025 inch
151 to 300 volts, DC or AC peak 0.050 inch
301 to 500 volts, DC or AC peak 0.100 inch
Greater than 500 volts, DC or AC peak 0.0002 inch/volt
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Rework, repair, and/or modification of any printed wiring circuit card
assembly shall be permitted only with specific written authorization of the
ARSR-4 contracting officer. Rework, repair, and/or modification of circuit
card assemblies shall be in accordance with the requirements of MIL-P-28809
with the exception that the combined total number of jumper wires, including
the design, rework, repairs, and/or modifications, shall not exceed a maximum
of three. Any departure from this requirement calls for technical
justification for Government approval via contract letter. The contractor
shall provide all required changes to the technical and provisioning
documentation, test and diagnostic support tools, adapters, provisioning, and
logistics data that are needed as a result of any board modifications. All
rework, repair, or modification of circuit card assemblies shall not degrade
any of the performance requirements specified in 3.4.3, 3.4.4, and
MIL-STD-275.

Any circuit card assembly with modifications and/or repairs used in the ARSR-4
prior to Government acceptance of system 15, shall be replaced by the
contractor with a new circuit card assembly incorporating all changes
(including the deletion of all jumper wires) to the conductor pattern, drilled
features, or other characteristics. System 16 and subsequent systems
delivered to the field site shall have the new circuit cards incorporated
before delivery. The first 15 articles delivered shall be retrofitted by the
contractor with new circuit cards. All spares inventory shall be updated by
the contractor with the new circuit cards.

3.8.1.14.1 Circuit Card Assemblies.- Circuit card assemblies are printed
circuit cards populated by discrete units or integrated circuits. Circuit
card assemblies used for digital logic integrated circuits shall incorporate
dual-in-line packages. The individual integrated circuits (including PROMs,
microprocessors, etc.) shall be able to be removed intact and replaced by
average technical field personnel in less than 90 seconds using common tools
or special tools provided with the ARSR-4. A minimum of ten removal and
replacement cycles at a given integrated circuit location shall be able to be
performed in this manner at up to ten integrated circuit locations on up to 30
circuit card assemblies without causing failure of the circuit card assembly
or a degradation of the ARSR-4's reliability below the requirements of 3.4.3
herein.

Circuit card assemblies containing discrete semiconductors, linear integrated
circuits and their supporting units shall be able to have their active devices
removed and replaced in accordance with these same requirements, except that
the removal-replacement time is changed to less than five minutes.

All circuit card assemblies shall be able to be tested with Automatic Test

Equipment (ATE) and repaired when any unit thereon fails, for the full service
life of the ARSR-4 in its normal operating and maintenance environment.
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The minimum number of circuit card assembly types, necessary to implement the
requirements of this specification, shall be utilized. All circuit card
assemblies shall be able to be inserted and removed with power applied to the
circuit card assembly without causing oscillations or damage to any units and
without requiring removal and reapplication of power to re-initialize the
operation. Power supply shut-off prior to circuit card assembly removal and
reinsertion shall be permitted in those areas where automatic redundancy
exists and where power shut-off does not affect ARSR-4 operation.

3.8.1.14.2 Unit Mounting.- All semiconductor and integrated circuit units
shall be mounted as specified in FAA-G-2100 unless other mounting techniques
(e.g. sockets) are necessary to meet other requirements herein. In the event
that such deviation is necessary, the contractor shall obtain the approval of
the Contracting Officer by submitting the appropriate technical justificationm,
including the changes, if any, to the calculated reliability and service life
of the equipment. All electronic parts shall be attached such that each part
is amenable to removal and replacement without damage to the circuit card
assembly.

3.8.1.14.3 Circuit Card Assembly Modification.- To enhance the ability of the
circuit card assemblies in the ARSR-4 and its supporting equipment to meet
future requirements, all circuit card assemblies shall be able to be easily
modified to alter their original functiomns, logic operations, or unit
interconnections. In order to provide the required alterability, circuit card
assemblies consisting entirely of integrated circuits and their necessary
passive supporting units such as capacitors, diodes, etc., shall use discrete
point-to-point wiring on the opposite side of the circuit card assembly from
the integrated circuit chips, unless the contractor has received specific
written approval from the Contracting Officer for deviations from this
requirement. Approval will be granted only upon technical justificationm to
the Government that the required ability to alter the circuit card circuitry
or functions can be accomplished by means satisfactory to the Government (e.g.
reprogramming of microprocessors), or that a specific board is a standard type
already in existence (e.g., industry microprocessor bus standards for RMM use
or processors previously designed for other FAA equipment). Multilayer
printed wiring or similar techniques which produce inaccessible unit
interconnections may be used for this type of circuit card assembly only with
specific approval of the Govermment.

All other types of circuit card assemblies, including all assemblies that
provide interface signals to or from equipment extermal to the ARSR-4 or its
supporting equipment, shall utilize discrete point-to-point wiring.
Alternatively, printed wiring techniques in which all interunit connections
are accessible may be used for these circuit card assemblies. Both sides of
the board may be used for such printed wiring, provided that the accessibility
requirement is met.
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Wrapped circuit comnections meeting the requirements of 3.8.1.14.5 or multi-
layer soldered wiring may be used as discrete point-to-point wiring.
Regardless of which of these two approaches is chosen; its strength,
reliability, wear resistance, and modification characteristics shall be
satisfactorily demonstrated to, and approved by, the Government before it is
used in production equipment.

3.8.1.14.4 Printed Circuit Card Baseboard.- Printed circuit cards shall be
sufficiently rigid to prevent damage to any conductive patterns during
manufacture and subsequent handling and, if integrated circuit sockets are
used, to prevent integrated circuits from loosening in the sockets when boards
are flexed.

All printed circuit cards shall provide a convenient and positive means of
removal from, and insertion into, a card bin without the use of a separate
tool. Handles, finger holds, or similar means may be used. The selected
technique shall permit easy removal and insertion without damage or undue
strain on card bin frames, the units and wiring on the printed circuit card,
or the connectors on the printed circuit card or card-bin. The maximum
insertion or extraction force for any printed circuit card or other plug-in
assembly shall be less than ten pounds.

All printed circuit cards shall conform to the applicable paragraphs of
FAA-G-2100, unless technical justification is provided to the Govermment for
approval via contract letter. One-part connectors and base boards meeting the
requirements of MIL-STD-275 are permitted.

3.8.1.14.5 Solderless Wrapped Electrical Connections.- Solderless wrapped
electrical connections may be used with appropriately designed wraposts
(terminals). Solderless wrapped electrical connections shall be in accordance
with MIL-STD-1130. Copper conductors shall be annealed, oxygen-free high
conductivity solid copper wire as defined in ASTM-B224.

3.8.1.14.6 Printed Circuit Card Connectors.- The number of pins on a printed
circuit card shall be 310 or less, not including test points. Additionally,
at least 20 percent spare pins shall be provided. The connector receptacles
and the printed circuit card connectors shall be polarized and keyed such that
the printed circuit cards can be inserted with the correct sense only and that
the proper type of printed circuit card can be inserted in a given location.
The keying method shall not affect the number of pins on a connector. In the
event that polarizing keys are used, they shall not be able to be removed
during normal insert-remove operations. The particular edge-board (ocne-part)
connector to be used shall conform to an American standard. DIN type
connectors shall not be used. Mating connectors shall be designed for
repeated use and long term reliable performance without jamming or damage as a
result of frequent casual insertion of printed circuit cards. At least 100
casual (as contrasted with "careful") insertion and removal cycles of the
printed circuit cards shall be possible without damage, degraded operation, or
reduced reliability.

~-158-



FRA-E-Z7E3b
May €, 1988

3.8.1.14,7 Circuit Card Assembly Test Points.~ Sufficient test points and
cormectors shall be provided on all circuit card assemblies to meet the
automatic diagnostic requirements for the ATE recommended per the SOW. Test
points used for critical on-line measurements shall be easily accessible
without the use =f card extenders so as not to interrupt the search data flow
during preventive maintenance inspectiorns.

2, 8.1.15 Contrals.- All circuits shall be so designed that no damape results
from the equipment being operated with the operating contreols and maintenance
adjustments set to any possible combination of settings. No circuit breakers
shall trip as a result of actuation of any operaticonal controls. There shall
be ro noticeable lag between the actuation or adjustment of controls and the
effect of the actuation or adjustmert. All contrels shall have calibrated
markings to pernit setting to predetermined positions, except where it can be
demonstrated to the satisfaction of the Goverrmert that this is impractical or
urmecessary, Maintenance adjustwent controls shall employ small knurled
knobs.,  Where the special nature of a function makes a larpge krnob or
screwdriver slot desirable, the use of such controls shall be subject to
specific Goverrment approval. Motor driven switches and controls are
prohibited except for waveguide switches, motor-driven auto transformers, and
anterna polarization controls (if applicable).

2.8.1.15.1 tLocation of Controls.- RAll frequently used controls on plug-in
LRU= shall be accessible without removal of the LRU from its normal position.
Controls on units using vertical panel construction shall be on the front
siurface of the panel of the unit with which the control is associated.
Controls for horizontal chassis units shall be mournted on front panels or
immediately behind front access parel doors of each unit. Rll contrals shall
be mounted so as to minimize the possibility of persormel coming in contact
with high voltages or units cperating at high temperature, or both and shall
be in conformance with FAA-G-2180, paragraph 3.5.6.2. MWirestraps and plug-in
Jumpers are prohibited as a means of control. Dual In-line Package (DIP)
switches and suitable rotary controls shall be used. RAll controls on LRUs
must be accessible without placing the LRU on an exterder card or otherwise
disrupting operations.
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3.8.1.16 Unit Requirements.-

3.8.1.16.1 Semicornductors.- Military standard semiconductors shall be
selected in accordance with paragraph 3.5.5.20 of FAR-G-212@. ARll non-JAN
devices shall be screened in accordance with Table II of MIL-5-1930@. All
device types shall be tested to the Group A, Table III AND Group B, Table IV
quality conformance requirements of MIL-5-1950@, as a minimum. The following
device restrictions apply:

(a) Only solid glass metallurgically bonded axial lead diodes and
rectifiers shall be used, except in the case of ceramic sealed,
chip PIN dicdes operating at microwave frequencies.

{b} TO-S packages shall be limited to the sclid metal header type.

{c) All semiconductor device junctions must be protected, and no
organic or desiccant materials shall be included in the package.

{d) Devices using aluminum wire shall rnot use thermocompression wedge
bonding.

{e) Alumirum TO~3 packages shall not be used.

(f) Germanium devices shall not be used.

(g} Power semiconductors shall be derated per AFSC Pamphlet 8@@-27.
2.8.1.16.1.1 Semieconductor Terminal Identification.- All discrete
transistors mounted on LRUs shall have a character "C," representing the
collector, on the wiring side of the circuit board in a location approximating

the collector terminal. In the case of field-effect semiconductors, the
character “D," representing the drain, shall be used.

3.8.1.16. 5 Micreocircuits.- Microcircuits shall be selected in accordance
with FAR-G-210@, paragraph 3.5.5.13. All non-JAN devices shall be tested in
accordance with the Class B sereening requirements of MIL-STD-883, Method 5004
and S008, as applicable. A1l device types shall be tested to the quality
conformance requirements of MIL-STD-883, Method S@@S and S@@8, Class E.

3.8.1.16.2.1 Integrated Circuits.- In addition to meeting Requirement &4 of
MIL-5TD-454, Integrated Circuits shall be derated per AFSC Pamphlet see-27.

3.8,1.16.2. 2 Sockets for Microelectromic Devices.- All semiconductor and
integrated circuit units shall be mounted as specified in FAR-G-2103, except
that other mounting techniques (e.g., sockets as specified in paragraph
3.5.5.21.1 of FAR-G-Z108) will be permitted in association with wirewrapped
integrated circuit assemblies. In the event such deviation is necessary, the
contractor shall aobtain specific Goverrment approval for the mounting
technique and/or scchkets with reliability data to support such use.
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3.8.1,16.3 Critical Parts.- Hybrid (including radio frequency, microwave,
and millimeter type) and complex monolithic microcircuits shall be considered
critieal parts as defined under "Reliability Critical Items" in MIL-STD-785.

3.8.1.16.4 Nonaxial-Leaded Parts.- Nonaxial-leaded parts (excluding
transistors and integrated circuits) shall be mounted against or as close as
possible to the LRU.

3.8.1.16.5 Relays.- Relays shall require Government approval using a Request
for Nonstandard Parts and shall conform to the requirements of FAA-G-2100. 1In
addition to the requirements of FAA-G-2100, relays utilized in the system
shall meet the following requirement. A circuit diagram shall be provided on
each relay. All chassis-mounted relays shall be of the plug-in type. The
number of different relay types used shall be held to an absolute minimum.
Each DC relay coil shall have a suitable damping diode or other device to
eliminate transients.

3.8.1.16.6 Transformers.- A three phase power transformer may be used where
isolation of the three phase power line is required for use within the
transmitter cabinet. This transformer shall meet the requirements of MIL-T-
21038, Class R, Life Expectancy X; but shall be excluded from meeting sealing,
immersion, vibration, and shock requirements of Grade 4 units. Material used
in construction of the transformer shall meet the design requirements of MIL-
T-27, Grade 4; however, air cooled open winding construction may be used
provided that theé transformer is located physically within the transmitter
cabinet and a metal protective cover is provided. All other transformers
shall meet the following requirements.

3.8.1.16.6.,1 Transformers, Inductors, and Coils.- Transformers, inductors,
and coils shall be in accordance with the table below and with FAA-G-2100,
paragraphs 3.5.5.24. Transformers and inductors used for audio, power, and
high power pulse shall have solder-type or screw terminals. Single phase AC
line operated transformers shall not have more than three secondary windings
and one centertap.

SPECIFICATION GRADE TEMPERATURE CILASS
MIL-T-27 (See note) 4 or 5 R
MIL-T-21038 (See note) 4 or 5 R
MIL-C-15305 1 B
MIL-C-39010 - B

(NOTE: Life expectancy X, MIL-T-21038)

Transformers, inductors, and coils shall be designed and built per the
requirements of MIL-T-27, but will not be tested per MIL-T-27. All testing
shall be as part of a larger subassembly or assembly with the following
provisions:
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Should a part fail twice during any Phase I, II, III, or IV test, the
contractor shall perform all tests required by MIL-T-27 for parts of the type
that failed. A part is defined as any transformer, coil, or inductor required
to be designed and tested per MIL-T-27. Since the reliability calculations
for the individual MIL-T-27 parts far exceed the 20-year life expectancy of
the ARSR-4 system, two failures of the same type part will invoke full
compliance of MIL-T-27 testing for that part. Additionally, the contractor
shall retrofit all existing ARSR-4 systems at no added cost to the Government.

3.8.1.16.7 Batteries.- In the event that batteries are provided to meet the
requirements for operation, only rechargeable batteries with appropriate
recharging circuitry shall be provided, used, and their selection shall be in
accordance with FAA-G-2100, paragraph 3.5.5.l1; except that magnesium dry
batteries are not permitted. Individual batteries shall be completely sealed
and shall not vent gases, liquids, or chemicals except in the event of
physical damage by external mechanical means. The battery supply shall nct be
sensitive to orientation of the equipment during operation, transportation, or
storage. Exceptions to this requirement, such as "keep-alive" batteries for
clocks and memories, shall be subject to Government approval.

3.8.1.16.8 Electrical Filters.- Electrical filters, except radio
interference filters, shall be selected in accordance with FAA-G-2100
paragraph 3.5.5.7. Radio interference filters shall conform to MIL-F-15733.

3.8.1.16.9 Ferrous Materials.- When ferroug materials are used with prior
approval of the Government, they shall be in accordance with FAA-G-2100,
paragraph 3.6.4.

3.8.2 Electrical Requirements.-

3.8.2.1 Transient Protection.- All equipment shall be protected from damage
by electrical transients as defined in FAA-STD-020.

3.8.2.1.1 Surge Protection.- Protective devices shall be provided as
necessary to prevent damage to the equipment from surges on either the AC
power lines, or the remoting lines. The protective devices shall be capable
of limiting initial spikes, as might result from nearby lightning strikes, to
a value that will not damage any equipment. The protective devices shall be
capable of withstanding repeated surges without damage or change in operating
characteristics. The protective devices shall be in accordance with the
applicable parts of paragraph 3 of FAA-STD-019 and paragraph 3 of FAA-STD-020.

The ARSR-4 shall not output false operational or maintenance signals as the
result of turning on or off any off-line unit (if provided), or any LRU
therein, or any LRU in the on-line unit.
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2.8.2.2 Ripple Voltage.- Ripple voltage, defined as the peak-to-peak value
of a simple oo complex waveform consisting of power line frequency compoments
and harmonics thereof, and synchronous or repetitive nonsynchronous
transients, shall rnot exceed 10 wV or @.1 percent, whichever is pgreater, for
all except switching type power supplies. The contractor shall be responsible
for determining the maximum permissible level of ripple from switching power
supplies required for specified equipment performance characteristies.

2. 8.2.3 System Brounding Reguirements.- Requiremerts for grounding,
shielding, bonding, and transiert protection shall be as specified in FAR-STD-
ace.

3.8.2.3.1 Brounding Practices.~ The Bovernment will furnish the earth ground
and AC power ground at installation locations, The contractor shall furnish
all other grounds as required by FAA-STD-GZQ.

3
s

2.8.2.3.2 Svstem Grounding.- A common system grounding design shall be used
for all subsystems and units to be delivered under this specification. The
grounding design shall contain three discrete subsystems:

{a) Dne that bonds topether all cabinets and frames and shall be in
accordance with FRA-STD-819 and FRR-STD-B2@.

{b) Ore that cormects all signal return wires and shall be in
accordance with FAR-STD-019 and FAR-S5TD-2Z@.

() The AC power grourds shall be in accordance with FAR-ETD-@19 and
FAR-STD~02@.

3.8.2.4 Power Supply Protection.-— For loads up to 1.5 times the normal lecad,
power supplies shall maintain an essentially constant voltage characteristic.
For any continuous load in excess of 1.5 times the normal load, up to and
including a dead short, current limiting shall occur such that no damage is
incurred by any power supply partsi no circuit breakers are trippedi and the
power supply voltage returns to normal when the normal load is restored.

3.8.2.4.1 Load Protection.- Instantaneous overvoltage protection (e.g.,
crowbar type circuitry) shall be provided on all power supplies used to drive
voltage-critical devices. There shall be no transients or surges at turn-on,
or upon restoration of power following a power loss, that could cause
equipment failures or circuit breakers to trip. The equipment shall
automatically discormect the voltage from circuits which would be damaged by
loss of, or deviation from, its normal value of bias voltape. Load point
regulation shall be employed as required to insure that voltages as measured
at the lcad are within the nominal range for driven circuitry.
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2.8.2.4.2 Regulation.— All power supplies shall be electronically regulated
to maintain output voltages within +/-1 percent as the load is varied from 20
percent less than, to S0 percent more than, the normal loadi and as the line
voltage is varied between service condition limits, with primary power line
regulators (if used) in the circuit. The output voltages of these regulated
supplies shall be adjustable to any value over a range of +/-18 percent of the
nomiral value, and the regulation ripple specifications shall be met for any
and all settings within this range. Power supply output veltage shall not
change by more than +/-1 percent from the initial setting over the service
conditions. The regulation and ripple requirements are minimum requirements,
and it shall be the contractor's responsibility to design the equipment with
such additional reduction in ripple and improved regulation as is required to
meet all specified performance requirements. AR separate, independent voltage
reference solid state device shall be used for each regulated power supply
voitage, and the regulation of ane power supply valtage shall noet depend on
arother power supply voltage for reference.

3.8.2.4.3 Power Supply Indicaters.- Each circuit protected by a circuit
hreaker shall have an indicator lamp which shall provide positive indication
when the circuit breaker is opened. Neon indicator lamps shall be used where
possible. Indicator lamps shall be uniformly located with respect to their
associated circuit breakers. Each power supply shall alsc have an integral
indicator lamp to show when the power supply itself fails, as contrasted to a
fault which would trip the breaker. Each power supply failure shall be
reported to the RMS.

3.8.8.4.4  Power Supply Metering.- Meters and associated switches for use in
measuring all power supply output voltages and currents shall be furnished.
The preferred location of these switches is on the front panels of the cabinet
containing the circuits to be metered. They may be located elsewhere,
provided they are visible with the cabinet doors opered. Meters are not
required where the RMS has an equivalent direct reading capability or the
contractor and the Government mutually agree that voltage test points would be
sufficient. Each meter shall be provided with a replaceable card insert
mourted near the meter to desigrate the proper reading of each asscciated
switch position. Operation of meter selector switches shall not interfere
with proper subsystem and system performance. When shunts are used in
conjunction with meters to read currents, especially specified meter movements
aver and above military specification requirements shall be employed with the
resistance of the meter movement held to close tolerances to permit a 3
percent averall accuracy in true load currernt measuremerts. Meter calibration
test points shall be provided across each meter.

2.8.2.5 Electromagnetic Interference and Susceptibility.- The equipment
shall be designed and constructed to meet the interference and susceptibility
requirements of MIL-STD-4€1 and MIL-STD-46&2 for Class A3 equipments. The
contractor shall prepare and submit an interference control plan in accordance
with the S0W.
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3.8.2.6 Electrostatic Sensitive Parts.- Certain types of electrical and
electronic parts are susceptible to electrostatic discharge damage. The
contractor shall implement and maintain an Electrostatic Discharge Control
Program in accordance with DOD-STD-1686.

3.9 Maintenance and Logistics.- The contractor shall design the ARSR-4, both
electrically and mechanically, to promote the Maintenance Concept and Logistic
Approach in the following paragraphs.

3.9.] Maintenance Concept.- A three-level maintenance concept shall be
employed for the ARSR-4. These three levels are as follows:

(a) Site (organizational)
(b) Shop (intermediate)
(c) Depot

The locations at which the respective maintenance tasks will be performed are
as follows:

(a) ARSR-4 sites
(b) Work center

*

(c) Fas depot

3.9.1.]1 Site-lLevel Maintenance.- Maintenance is performed at this level on
systems, subsystems, and support equipment in direct support of ARSR-4
operations. It includes system maintenance monitoring, system fault

isolation, and correction of system failures through the removal and
replacement of LRUs; but does not include disposition, repair, service,
calibration, and verification of the removed LRUs. Removed LRUs will be
forwarded to the work center and/or depot for repair.

3.9.1.2 Work Center Level Maintenance.- Maintenance is performed at this
level in direct support of site-level maintenance and involves disposition,
repair, service, calibration, and verification of units removed during site
maintenance. It normally excludes activities requiring equipment, facilities,
or skills that can be provided more economically at the depot level.

3.9.1.3 Depot Level Maintenance.- This level of maintenance includes the
responsibility for repair of LRUs, such as printed circuit boards, which are
beyond the economic or skill capability of the work center maintenance level.
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3,9.2 Logistics.-

3.9.2.]1 Support and Test Equipment.- Support and test equipment shall be
identified and documented in accordance with the SOW.

3.9.2.1.1 Svstem Level Test Eguipment.- The test equipment necessary for
system maintenance, i.e., fault isolation down to the LRU level, shall be kept
to a minimum. These functions shall be primarily performed by BITE and
diagnostics in the ARSR-4.

3.9.2.2 Parts Selection.- The ARSR-4 design shall make maximum use of
standard, approved parts already in the Govermment inventory.

3.9.2.3 Personnel.-

3.9.2.3.1 Maintenance Personnel.- There are four major maintenance functions
(monitoring, diagnostic, repair, and preventive maintenance) that must be
quantified and supported by maintenance personnel per FAA delineation of
personnel levels. The ARSR-4 shall be maintainable by persomnel defined by
these levels.:

(a) Developmental Specialist: An uncertified technician who performs
maintenance tasks at the site, shop, or depot level.

(b) Systems Specialist: A certified technician who performs
maintenance tasks at the site, shop, or depot level.

(c) Systems Analyst: An analyst who provides the in-depth system
skills necessary to diagnose and resolve complex and difficult
problems related to a specific system and its interfaces. These
analytical and trouble-resolving skills would be beyond those
expected of a systems specialist.

(d) Systems Engineer: An engineer who provides systems management and
control for all systems and provides the broadest range of systems
knowledge and expertise to ensure real-time quality control and
system integrity.

3.10 ARSR-4 Program Support Facilivy (PSF).- The ARSR-4 PSF shall be an
independent facility, collocated with the ARSR-4 to be installed at the FAA
Aeronautical Center at Oklahoma City, Oklahoma. The ARSR-4 PSF shall include
all of the equipment, supporting software and firmware, and documentation
required for the development, maintenance, testing, analysis and debugging all
of the ARSR-4 functional programs. The ARSR-4 at the Aeronautical Center will
be available to the users of the ARSR-4 PSF. The ARSR-4 PSF shall include the
capability to execute the ARSR-4 operational program with the tools used
during software development.
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S.18.1 Processors.- The internal ARSR-4 PSF processors shall include
sufficient memory and power to support six simultanecus users who may be
performning any of the following:

(a) Text editing

(b) Program assembly or compilation

{c) Linking or locading programs appropriate to software maintenance
(d) Performing analysis

(e) Rurming functional programs.

3.18.2 Software Tools.- The ARSR-4 PSF shall be equipped with software tools
identical to those used in developing the ARSR-4 cperational and support
computer programs.

3,10, 3 Irnput/Dutput Hardware.- The ARSR-4 PSF shall support six, on-line,
locally netted users stations. Equipment shall include an appropriate mix of
interactive CRT terminals, video display terminals, magretic tape assemblies,
multi-platter disk drives and controllers, and printers as specified in the
contract.

2. 11 Computer Software.- The term "software" as used in this specification
shall apply to all deliverable items having one or more of the following
characteristics:

{a) Computational and comtraol logic represented in a higher order
language or assembly language form and defined as source code to
be interpreted, assembled, or compiled intc machine executable
form.

{b) Executable program instructions at the microcode or direct machine
executable levels.

(c) All data representations required by executable program logic.

These deliverable items are further identified as being processed/executed on
computaticonal /control hardware. This hardware consists of CPUs or
programmable controllers/devices or both, whether used as general purpose (as
in the computer subsystem) or dedicated hardware.

All items meeting the above criteria shall be subject to the software

requirements of this specification. Exceptions shall be made only upon
written authorization by the Contracting Officer.
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3.11.1 Development Planning.- A1l software shall be designed and implemented
in accordance with a government approved Software Development Plan (SDP)
prepared in accordance with the SOW and DOD-STD-21€7 design standards. In
addition, the software design shall accommodate the following requirements.

(a) Identical software, adapted to the local rescurces, environment,
and workload, shall be installed in each site. Local "patches” to
executable code and data tables shall not be used.

4:2) Design emphasis shall be placed on reliability, error detection
and reporting, fault tolerance, and recovery from abnormal
conditions, as well as functional performance.

{e) The design shall support subsystem and system modification,
enharcement, and expansion throughout the expected lifetime of the
ARSR-4. Provision shall be made in instruction code, data tables,
and data bases, to accommodate additional functions, new
equipment, and new data.

(d) The software design shall provide logical and physical data
independence. Changes made to the logical structure of the data
shall not impact the application programs. Changes made to the
physical structure of the data shall not impact the logical
structure of the data or the application programs. The ARSR-4
software shall permit changes to both the form of storage and to
the position of data in the storage without impact to the
application programs or the logical structure of the data.

{e) The software design shall provide data integrity. It shall
protect data from accidental leoss or damapge.

(f) The software design shall provide a controlled approach to adding
new data and to medifying and retrieving existing data. It shall
provide logical data to the application programs as required. It
shall provide status informaticon to the application programs on
the outcome of data requests, including error indications.

{g) The scftware design shall assure that the system is initialized to
a correct, well defined state upon recovery from a fault, and that
all processing interrupted by a fault is properly continued affer
recovery.

{h) The scofiware design shall incorpeorate a responsive real-time
operating system with a standard compiler, loader, software
development library (SDL), and cther debug and utility tools.

(i) All software shall, when loaded, generate a load message to the
operatcr to supply the software name or function, the software
release and revision level, and the Site ID, if applicable.
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3.11.2 Software Architecture.- The architecture shall minimize the
complexity of interfaces between software units and keep unrelated functions
separated. The software requirements shall be decomposed into computer
software configuration items (CSCI), top level computer software components
(TLCSC), lower-level computer software compoments (LLCSC), and units, using a
top down approach. There shall be design traceability between successively
more detailed levels of abstraction from the most abstract level to a level
sufficient for code implementation. Each level shall be complete and
independent, containing definitions of data and the operations on the data.

3.11.2.1 Unit Attributes.- The software design shall be functionally and
operationally unitized as specified in DOD-STD-2167 to:

(a) Facilitate system and subsystem expansion, modification, and
configuration control.

(b) Enhance system reliability for facilitating fault detection,
diagnosis, containment, recovery, and fault-tolerant behavior.

(c) Facilitate data base changes to the lowest practical level without
large program reassemblies.

Each unit shall perform a single unique function, with inputs, outputs, and
interunit interfaces clearly defined. Each unit shall be separately
compilable.

Each unit shall consist of a specification part, data declarations, and
sequence of statements. The specification part shall contain the information
necessary to use the unit without describing the internal details of how the
unit operates. The data declaration shall define the logical entities needed
by the unit, and the sequence of statements shall define the operations to be
performed.

Only statements within a unit shall access private data of that unit. Other
units shall access through interfaces provided by the unit.

3.11.2.2 Design Representation.- The design shall be represented in a manner
which ensures traceability to the requirements of this specification. The
representation shall be maintained as part of the design data base.

3.11.2.3 Software Documentation/Implementation.- All software shall be
documented in accordance with the requirements specified in the SOW and
throughout this specification. All software shall be implemented in
accordance with the standards established in the SDP in the SOW.
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3.11.2.4 Code Representation.- A single Higher Order Language (HOL) shall be
used for support scftware and this HOL or another single HOL shall be used
for the operational software with the exception of LDC software. The LDC
software shall use either the HOL used for the operational software or PLM.
One of the following HOLs which uses a compiler shall be used for either the
support software or for the operational software, or both.

(a) c

(b) Fortran
(c) Modula 2
(d) Pascal

An Assembly language instead of an HOL may be used in the ARSR-4 operational
software within the following conditions:

(a) Less than 10,000 lines of code of the total operational software,
excluding the operating system, may be in Assembly language.

(b) Assembly language shall only be used in areas of time criticality,
I/0, and interfacing to the operating system.

(c) Technical justification for "each module of Assembly language code
developed for the operational software shall be provided to the
Government.

(d) Off-the-shelf non-operational code such as compilers, linkers,
host operating systems, etc, may be in Assembly language.

(e) All software written for the PSF will be in an HOL.

3.11.3 Special Tools, Standards, and Techniques.- Automated tools shall be

used to support the software development process, and to record, analyze, and
maintain the ARSR-4 software design. The specific tools and techniques to be
used shall be identified in the software development plan in accordance with

DOD-STD-2167.

The tools shall be applicable throughout the software development and
maintenance life cycle. They shall address all aspects of software design;
including algorithms, data structures and files, and interfaces. The tools
shall encourage and facilitate design of software in accordance with approved
design techniques and standards.
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All software tools or techniques used to support software development and
implementation, along with sufficient documentation to allow an operator to
understand and use these tools, shall be delivered to the government as part
of the ARSR-4 PSF (3.10). All software, including commercially available
software, provided as part of the ARSR-4 PSF shall be evaluated and documented
in accordance with DOD-STD-2167.

3.11.4 Not used.-

3.11.5 Software Reliability Design Features.- ARSR-4 software shall have the
following reliability and quality characteristics.

(a) Fault Avoidance - The software shall be specified, designed, and
implemented to achieve high reliability in accordance with the
detailed software design and construction requirements presented
in 3.11.

(b) Fault Detection - Reasonableness detection/isolation checks shall
be designed into the software to aid in troubleshooting system and
subsystem failures.

(e) Fault Tolerance - The software shall provide fault tolerant
mechanisms that ensure continuing required functions without
causing an interruption in service. These techniques include, but

v are not limited to:

(1) Recovery block schemes (which cause switching to a spare

block of code).

(2) Protective redundancy (which includes multiple storage of
critical variables and data, diagnostic programs, and
automatic program reloads).

(3) The BTP and the search target processing, up to the output
of the target extraction function, shall be designed to
handle the maximum possible data load for the full search
detection envelope. From the output of the target
extraction function to the output buffers of the message
formatting function, the system shall handle the maximum
data load that can occur based on the clutter model
(appendix A). If the actual clutter conditions encountered
at any ARSR-4 site are greater than those specified in the
clutter model (Appendix A) and Table 3-1, the system shall
still have the capacity to contend with any maximum data
load. In no case shall a data overload cause the system or
any part of the system to fail.
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(d) Fault Containment - The following fault containment considerations
shall be incorporated into the ARSR-4 software design.

(1) The software design shall provide protection against the
propagation of software errors. No information shall be
passed unless computer software component error boundary
conditions are satisfied.

(2) The system shall detect errors in operation or data
introduced by incorrect synchronization of software.

(3) Search data overload conditions shall not impact beacon
target processing or reporting.

3,.11.6 Software Maintainability.- ARSR-4 software shall have the following
maintainability characteristics:

(a) Software performance monitoring and software maintenance
operations shall not interrupt normal system operation.

(b) ARSR-4 software shall be designed as a collection of software
units.

(c) All software units pertaining to the operational software shall be
written in the same H@L. All software units pertaining to the
support software shall be written in the same HOL. Software
languages acceptable for use are listed in 3.11.2.4.

(d) Each software unit shall include error detection and exception
handling capabilities.

(e) Each unit shall be separately maintainable.

3.11.7 Firmware.- Computer programs or microprograms that are loaded in a
class of memory (Read-Only Memory (ROM), Programmable Read-Only Memory (PROM),
or writable control store) that cannot be dynamically modified by the computer
during processing shall be considered firmware and shall be developed
according to DOD-STD-2167. The application of DOD-STD-2167 requirements and
documentation depends on whether the firmware is designated as a CSCI or as
part of a hardware configuration item (HWCI). If the software to be
implemented in firmware is designated as a CSCI, all the requirements in DOD-
STD-2167 apply, as tailored by the contract. If the software to be
implemented in firmware is considered part of the HWCI, the contractor shall
identify the requirements, specified herein, in the SDP and apply these
requirements subject to government approval.
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3.11.8 Microprogramming.- The government considers microprogramming to be a
method of implementing the control functions of a processor (microprocessor or
large scale processor). Requirements for modifications or additioms to the
control functions (microprogramming) shall be submitted by the contractor and
approved by the government prior to implementation. All microprogramming
shall be compliant with requirements concerning maintainability, reliability,
and documentation stated within this specification.

3.11.9 Computer Programs for Microprocessors.- Computer programs (software)
intended for execution on a microprocessor shall be considered to have the
same requirements as computer programs intended for execution on large scale
processors. Such computer program implementations shall be subject to all
software constraints and requirements. All microprocessor implementations
shall be compliant with requirements concerning maintainability, reliability,
and documentation stated within this specification.

3.11.10 Software Spare.- At system acceptance following Qualification Test
and Evaluation (QT&E - Phase 1 and Phase 2), the data processing configuration
shall provide the following margins for spares and growth while meeting the
delay requirements of paragraph 3.4.1.14 with the user configuration described
in paragraph 3.5.13(i). This spare and growth shall also apply to data
processing accomplished on microprocessors and microcomputers.

(a) Primary memory spares. The computer configuration shall include
at least 100 percent addressable contiguocus spare capacity in all
computer modules and data structures with no modifications in the
equipment, no restructuring of modules, and no restructuring of
1/0 operations. At the completion of Phase IV testing, each ARSR-
4 shall have a minimum of 90 percent of spare memory remaining
unused.

(b) Mass storage spares. The computer configuration shall include at
least 100 percent addressable contiguous spare capacity in all
data structures contained in mass storage with no modifications in
equipment, no restructuring of modules or data structures and no
resequencing of I/0 operations. However, 10,000 bytes of memory
from this additional storage capacity may be used while
transitioning from ARTCCs to ACFs. At the completion of Phase IV
testing, each ARSR-4 shall have a minimum of 90 percent of spare
memory remaining unused.

(c) CPU spares. Under worst case CPU loading (over a 1l/2 scan
period), the delivered CPU usage (processing time) shall not be
greater than 50 percent of capacity.
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(d) Upward growth. The delivered configuration shall either include,
or permit by addition, units without induced change, modification,
redesign of power supplies and air conditioning; or redesign in
software/firmware/hardware, a further 100 percent increase in
capacity of prime memory and mass storage device (e.g., if a
processor can address 512,000 memory locations, then not more than
256,000 locations may be used to satisfy item b above and all
delivered software must operate with 128,000 locations in
accordance with item a above). All growth shall be addressable in
the delivered configuration.

4.0 Quality Assurance Provisions.- This section establishes the requirements
and criteria for verification of the ARSR-4 performance and characteristics.
The scope of these requirements includes the system itself, all functional
areas within the system, the radome, and all internal and external interfaces.
Verification is accomplished in phases throughout system acquisition. All
verifications shall be accomplished to the satisfaction of the Govermment
unless signed waivers are obtained from the Contracting Officer. The
Government shall have the right to witness and reaccomplish any or all tests.

4.1 General Quality Assurance Requirements.- The basic objectives of the
quality assurance requirements are to provide early visibility of, and
confidence in, ARSR-4 system characteristics and performance parameters and to
assist in the verification of section 3 requirements as early as possible.

The final results of the guality assurance program will be a high degree of
confidence that the implemented ARSR-4 system meets all the requirements of
section 3 in its intended operational environment. Quality assurance shall be
obtained by Government verification conducted in phases; each phase designed
to provide increased assurance that required system program objectives will be
met. Verification shall be considered complete upon satisfactory completion
of all phases of testing. Except for the maintainability and reliability
demonstrations, objectives of an earlier verification phase must be satisfied,
and deficiencies must be resolved, before a later verification phase is
initiated. The results of each verification phase shall determine the
advisability of proceeding to the next phase. The quality assurance phases
shall be as follows:

(a) Phase I, In-Plant Qualification Test and Evaluation (In-Plant
QT&E) .

(b) Phase 1I, On-Site Qualification Test and Evaluation (On-Site
QTSE) .
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(c) Phase I1I, In-Plant Production Acceptance Test and Evaluation (In-Plant
PAT&E) .

(d) Phase IV, On-Site Production Acceptance Test and Evaluation (On-Site
PAT&E) .

4.1.1 Verification Phase Description.-

4.1.1.1 Phase I In-Plant QT&E.- This phase of testing and evaluation shall
provide answers, as early in the program as feasible, to the majority of the
critical questions and areas of risk associated with development of the
ARSR-4. This verification activity also demonstrates that engineering design
and development are complete, that design risks have been minimized, and that
the system can be expected to meet engineering and operational specificatioms.
It shall identify the degree to which the contract specifications have been
met, insure system compatibility, and provide estimates of system
reliability/maintainability/availability performance. Verification proceeds
from the unit level, through integrated verification of functional areas and
interfaces within the complete system, and to the complete system, in as near
an operational configuration and environment as practical. In-Plant QT&E
shall be conducted on units, subsystems, and the entire system during
development and, in general, prior to on-site operational testing.
Verification of eguipment performance and proper interfacing with all EIE and
with the ARTCC, FAA Technical Center, SOCC, and the ROCC System Support
Facility (RSSF) shall be accomplished during this phase. Flight testing and
analysis shall be conducted by the Government in conjunction with the
contractor. When clutter processing, false report rates, and target detection
capabilities are verified by this Phase of testing (e.g., via flight testing;
measuring transmitter stability, dynamic range, subclutter visibilirty,
receiver sensitivity; filter shaping and waveform analysis; CFAR and
thresholding analysis; etc.), the clutter conditions specified in Appendix A
and Table 3-1 shall be used as the minimum clutter levels to which the
contractor proves to the Government that the system is performing to the

specified level of performance.
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4.1.1.2 Phase II On-Site QT&E.- The purpose of On-Site QT&E is to emphasize
quality and visibility of the design when it is subjected to a test site and
the live air traffic environment. Phase II shall be conducted at the
Government designated radar facility. External operational system interfaces
shall be with the FAA’'s and USAF's control centers, the FAA Technical Center,
the RSSF, and with all other site equipment. Verification shall emphasize
operational parameters not feasible to test or evaluate in the factory
environment. Verification shall include installation and system check-out
verification, verification of the integrated functional areas within the
complete system, and verification of the complete system in the field
environment. These tests shall be conducted by the contractor and witnessed
by the Government. Testing shall be conducted using live inputs and recorded
or simulated inputs as necessary for verification of specified ARSR-4
performance parameters in an operational environment. Flight testing and
analysis shall be conducted by the Govermment in conjunction with the
contractor. When clutter processing, false report rates, and target detection
capabilities are verified by this Phase of testing (e.g., via flight testing
over or in, or both, clutter; measuring false reports; measuring clutter
intensities and spectral qualities; etec.), the clutter conditions actually
experienced at the site shall be used as the baseline to which the contractor
proves to the Government that the system is meeting the specified requirements
for each individual site. However, the clutter conditions specified in
Appendix A and Table 3-1 shall be used as the minimum clutter levels to which
the contractor proves to the Government that the system meets the specified
requirements, if the actual site clutter levels experienced are less intemnse.
]

4.1.1.3 Phase III In-Plant PAT&E.- This series of verificatrion tests
provides confidence that the production units, equipment, and systems meet the
contracted specifications. Verification of units and functional areas of
complete systems shall be conducted in the contractor’s plant prior to
shipment to the site. When clutter processing, false report rates, and target
detection capabilities are verified by this Phase of testing (e.g., measuring
transmitter stability, dynamic range, subclutter visibility, receiver
sensitivity; filter shaping and waveform analysis; CFAR and thresholding
analysis; etc.), the clutter conditions specified in Appendix A and Table 3-1
shall be used as the minimum clutter levels to which the contractor proves to
the Government that the system is performing as required.
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4,1,1.4 Phase IV Or=-Site PATRE.- The installation at the site will proceed
in accordance with the SOW. The contractor shall fully interface the ARSR-4
with the FRR and USAF control centers and all EIE as specified. Then,
verification with Phase IV shall commence. The purpose of this verification
phase shall be to ensure system compliance with all applicable requirements
prior to final ARSR-4 acceptance by the Government. When clutter processing,
false report rates, and tarpet detection capabilities are verified by this
Phase of testing (e.g., via flight testing over or in, or both, clutter
measuring false reportsi measuring clutter intensities and spectral qualitiesi
etc.), the clutter conditions actually experienced at the site shall be used
as the baselire to which the contractor proves to the Government that the
system is performing as required for each individual site. However, the
clutter conditions specified in Appendix R and Table 3-1 shall be used as the
minimum clutter levels to which the contractor proves to the Government that
the system meets the specified requirements, if the actual site clutter levels
experienced are less intense. At the completion of Phase IV testing, each
ARSR~4 shall have & minimum of 3@ percent of spare memory remaining unused.

4,1,2 Quality Rssurance Program.~ The contractor shall provide and maintain
a Duality Rssurance Program in accordance with the cortract.

4,1,3 Test Plans.- The overall test controcl document, the Test and
Evaluation Plan, shall be provided by the contractor for Bovernment approval.
The Test and Evaluation Plan shall be developed in accordance with FRA-STD-024
(This Test and Evaluation Plan is called "Master Test Plan" in FRA-5TD-024,
but shall be referred to in this procurement program as "Test and Evaluation
Plan" and meet all requirements in FRA-STD-B24 specified for the Master test
Plan) and shall cortein separate sections covering all test phases (Phase |
through Phase 4) specified herein. The submission and approval of test
procedures shall be as specified in the SOW. Test procedures shall list all
test equipment and software required. Test equipment descriptions shall
include make, model, serial number, and certification data. Rll the tests
specified herein shall be a part of the Test and Evaluation Plan and shall
identify all in-process and acceptance tests to be performed on units,
subsystems, and systems to demonstrate compliance with all contract
requirements,

4,2 Phase 1 In-Plant QT&E.~ Phase I shall consist of the inspections,
analysis, demonstrations, and tests performed on a system, subsystem, and unit
(e.g., Antenna, Transmitter, Receiver, Search Target Processing, BTP, RMS,
Weather Processor, etc.). The Government will provide one set of Mode 4
peculiar EIE to allow the contractor to conduct design qualification tests
upon the security containers electrical and physical design. As a minimum the
following shall be accomplished:

(a) Type Test

(b) Design Qualification Tests
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(c) System Coverage Verification

{d) Preliminary tests per FARR-G-2100

{e) Production acceptance tests

(f) Reliability demonstration

{g) Maintainability demonstration

th) Software tests

(i) Items identified in the Quality Verification Matrix

(J) 24-hour continuous operation test

(k) Radome materials tests

(1) Interface tests
4,2.1 Type Test.- The Phase ! Type Test performed under the service
conditions shall be performed in accordance with 4.3.3 of FAR-G-2100. The
complete ARSR-4 design shall be tested under service conditions as specified
in 4,11 of FRA-G-2100, The contractor shall provide the capability to
externally monitor the performance of all equipment during type testing.
Antenna type testing may be performed separately from the rest of the ARSR-4
system. Requirements for antenna type testing may be met by type testing the

antenna electronics, the pedestal with an equivalent load, and any other
antenna active elements separately in the test chamber,

4,2,1.1 Tvpe Test Requirements.- The contractor shall submit type test
procedures and test data sheets for approval by the Government. System
performance shall be monitored during type testing in accordance with
FAR-G-2100. The proper operation of the equipment being type tested shall be
verified before and after each type test. ‘

4,2.2 Design Qualification Tests.- Design qualification tests shall include
tests specified in subparagraphs hereunder and those specified in paragraph
4,3.2 of FRA-G-210@, Radome design qualification tests shall be conducted
under the environmental conditions specified in 3.4.6 herein.

4,2.2.1 Antenna Assembly and Alignment.- The antenna shall be assembled and
aligned in accordance with procedures contained in the instruction manuals and
utilizing only those alignment fixtures and toocls provided or normally
available for field installation. Sufficient antenna testing shall then be
performed to demonstrate that the antenna can be field installed with
resultant performance in accordance with specified requirements.
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4,2,2.2 Bntenna Manufacturing Contour Tolerance Test.- The contractor shall
demonstrate the integrity of the antenna structure when the artenna is under
lead caused by rotation. This test shall be performed with all three beacon
antenna configurations (3.5.2.1) mounted on the ARSR-4 antenra. AR radiation
pattern through each beam's principle axis shall be measured in the horizontal
and vertical plane. The antenria shall be under a load which is at least equal
to the windload caused by its rotation in the radome. The test may be
conducted with the antenna either statically loaded or with the antenna
rotating at a rate of at least © RPM. The contractor shall submit a detailed
description of the proposed static load test for Bovernment approval.

4,2.2,2 System Rligmnment.- The system shall be completely aligned utilizing
only the procedures contained or to be contained in the instruction manuals
and the test equipment in accordance with the SDW. BSufficient testing shall
then be performed to fully determine the adequacy of the manuals and the test
equipmert for optimizing system performance.

4.2.3 System Coverage Verification.- System performance characteristics
shall be measured as necessary to verify the specified system coverage and
false alarm rate of section 3, Utilizing the actual measured values, range
calculations shall be performed, with the results verifying the detection
requirements of 3.4,1.2 angd Table 3-1 for clear environment and the false
L2larm requirements of 2.4.1.6. Flight testing in accordance with the SOW
shall be accomplished at the contractor's facility. The system shall operate
with the radome installed during all flight testing. As many section 3
{including Table 3-1) detection requirements as possible shall be verified
during this test. Detection performance requirements of section 3 shall also
be verified during Phase 11 at a field site selected by the Government,

The flight testing specified herein shall use a T7-38 aircraft which shall be
supplied by the Government. The T7-38 has a RCS of 2.2m* and shall be assumed
as having Swerling ! characteristics. Any other aircraft needed for
performance verification shall be an aircraft mutually agreed upon by the
Government and the Contractor.

4.2.4 Preliminary Tests.- The contractor shall perform preliminary tests in
accordance with paragraph 4.3.1 and its subparagraphs in FRA-G-2100,

4,2.5 System and Subsvstem Production Acceptance Test.- Each ARSR-4

delivered under the contract shall be completely wired and assembled in its
final installed configuration for the system production tests at the
contractor's manufacturing location. System production testing shall be
performed with the equipment fully assembled and cperable and radiating as a
complete system., Antenna testing may be performed separately, if necessary’
however, an installed antenna complying with all performance requirements
specified herein shall be available for system testing. Production tests of
the contractor-modified security containers shall consist of cabling tests.
The Government will install and test the Mode 4 peculiar EIE equipment at the

radar site,.
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In addition to appropriate mechanical and electrical tests, the contractor
shall generate a set of antemna radiation patterns on each antenna and its
asscociated equipment. The test shall be conducted on an antenna test range
meeting the requirements specified in RAppendix E. fintenna testing during
Phase I shall be accomplished with the cone beacon anterna mounted, with two
beacon antemnas mounted, and without any beacon antenna(s) mounted as
specified in 3.5.2.1. At least three antenna patterns shall be generated for
each antenria produced, verifying all applicable requirementsi such as antenna
beamwidth, antemna gain, cross polarization ratio, circular polarization
carcellation ratio (if applicable), the requirements of 3.5.2, etc. Each set
of patterns shall be taken at a discrete test frequency and pocinting angle.
The set of fregquencies and pecinting angles used to test each individual
anterna shall be randomly selected and be unique to that antenna. The test
frequencies used shall be distributed across the low, micdle, and upper part
of the operating band to assure that antenna pattern arnomalies related to
frequency that are detrimental to system performance are not present. The

minimum separation between the test freguencies shall not be less than 25 MH:z.

4.2.5.1 Production Tests.— The following listed test items (where
applicable!, as a minimum, shall be performed on each ARSR-4 to be delivered
t= the Boverrment in order to demonstrate compliance with specified
requiremeris.

Transmitter peak power RFG performance

Pulsewidth Point of control

Average PRF Alarm controls

Noise figure Search target processing
Receiver sensitivities Beaccr: target processing
"System stability Weather Channel

Capacity Five level weather

RF pulse radiated spectrum RMS

TR device, recovery time Mode 4 processing performance
STC RF plumbing, pressurization integrity Formatter performance

Trigger reguirements Rutomatic Ka insertion fram
Clutter processing performance the on-site weather station

Test target generator

4,2.6 Reliability Test and Evaluation.- The contractor shall perform a
reliability demonstration test on a complete ARSR-4 radar, including the
ant2rma. The reliability demcnstration shall be performed at the contractor’s
test facility amd will be witnm2ssed by the Government. The quantitative
reliabiiity levels required by 3.4.3.1 shall be verified by the following.

4.2.6.1 Reliahilitv Analysis.- The final approvad reliability analyses for
the various conf:igurations and worst case environments shall demonstrate
nompliance with the quantitative requirements specified in 3.4.3.1
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4.2.6.2 Reliabilitv Verification Test (RVT).- The Contractor shall
demonstrate that the reliability requirements of a fully operational ARSR-4,
including the radome and all radome ancillary equipment, have been achieved by
conducting a controlled Reliability Verification Test (RVT). The RVT
operating time shall be €,808 hours as specified in 4.2.6.2.2, and shall be
conducted at the contractor’s plant on a single dedicated system. A
preconditiom of this test is that the reliability predictions performed in
accordance with the SOW shall be at least 15@@ hours MTBCF. All site
adjustable/selectable parameters shall be set to positions determined by the
Goverrment prior to the start of testing. These parameter adjustments and
selections shall remain unaltered during the course of the test. Field
adjustable/selectable parameters may be altered only by the Bovernment during
the course of the test in order to simulate field conditions. The RVT system,
including system controls, shall be sealed to assured that no failure
{hardware or software) is corrected, manually or automatically, without
recording and witnessing by the Boverrment. Once the RVT has begun, the
system shall be comtinuously monitored by contractor persormel. The
ernvironmental test conditions and stress levels for the RVT shall be those
specified in Appendix B, MIL-STD-781 for Category 1 (fixed ground equipment),
but excluding vibration stress and humidity. The system shall be cperated
continuously except for permitted shutdowns for maintenance and critical
failures, until the cbserved reliability requirements of 4.2.6.2.2 and
4,2.6.2.3 have been met. During the 6209 hours of operating time for which
the specified MTBCF and MTEF are demonstrated, a maximum of seven site visits
for the combinatiom of corrective (noneritical failures) and preventive
maintenance are allowed, in additionm to the site visits to correct critical
failures. During the visits to correct critical failures, other maintenance
{eorrective and prevertive) can be performed. Response time (i.e., time from
failure detection urtil start of corrective action) for critical failures
shall be exactly twa hours. Response time for other maintenance (corrective
o preventive, or both) shall be 48 hours or greater.

fry of the specified corrective or preventive, or both, maintenance site
vigsits (other than for critical failures) that will result in an outage shall
meet the following requirements:

(al It shall be scheduled with at least one week rotice in advance.

th} It shall be performed no more frequently than once every 81 days.

(c) It shall rnot exceed two hours outage per visit.
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Preventive maintenance shall require no more than a total of 17 labor hours
over the 602Q hours for which the specified MTBCF and MTBF are demonstrated.
Each failure shall be recorded, analyzed, and corrected by repair and by
design or manufacturing changes to cure the identified cause of the failure.
The Boverrment will witness each time the system is maintained to assure that
gach failure is recorded and that preventive maintenance, corrective
maintenance and incorporation of design and manufacturing improvements are
done in accordance with prescribed maintenance procedures or approved system
improvements.

The contractor shall demonstrate the separate mission reliability requirements
of the anterma (3.4.3.1.1) and RMS (3.5.15.8.9) have been achieved by
conducting controlled reliability tests for each one, independent of the other
reliability test. These tests shall start at the beginning of the full system
RVT specifisd herein, and shall be performed simultanecusly with the full
system RVT on the same system. The contractor shall also show by a
combination of analysis and test that the separate reliability requirements
specified herein for the radome (3.4.3.1.5) is verified. ARAdditionally, the
RMS, antenna, and radome failures shall be counted against the full system
RYT. During these reliability demﬂnstratxuns, the ARSR-4 RMS shall be
monitored and recorded at the LDC.

4, 2. 6. 8.1 Failure Relevarnce Definitions

(&) Relevant Failure: a failure which can be attributed, after
failure analysis, to any of the following:

1) Ary maintenance action required-to maintain full mission
capability or the failure of the system to reconfigure
automatically within 182 msec so as to maintain full mission
capability.

(2} Hardware or software/firmware design defects.

(3) Manufacturing process, material or workmanship defects.

14) Physical or functicrnal deterioration (such as wear out,
fatigue, or talerance degradation).

() Failure of parts of known limited life (such as batteries)
securring prior to the end of the stipulated period.

(&)} Irtermittent failure.

(7 Failures due to incorrect instruction in the technical
manuals used during the RVT.

(8} Any other failure that is not listed as a nonrelevant
failure.
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(b} Norrelevant Failures: a failure which can be attributed, after
failure analysis, to any of the following:

(8)

Damage resulting from improper installation.

Failure of test instrumentatism or monitoring equipment
{other than the RMS) that is external to the test equipments
under test.

Interrupted operation caused by external power failures.

Equipment failures caused by externally applied over
stressed conditions in excess of the specified
requirements.

Damage resulting from accident or mishandling by personnel
performing the RVT.

Failures due to procedural errors by technicians or
operatore.

Deperdent failure (i,e., a failure of a part(s) as a direct
result of a failure of another part within the same LRU).

It must be established by the contractor to the satisfaction
of the BGovernment that the failure(s) was dependent upan
another part failing and was not an urrelated incident
cecurring at the same time.

Failure of certain parts (limited life parts) cccurring
after their krnown useful life has expired will not be
counted as relevant if identified and approved by the
government prior to start of the RVT,

4, 2. 8. 2.2 Acceptance Criteria for Mission Reliability. - The observed MTECF
for Q0@ contiguous hours of operation of the ARSR-4 system must be equal to
or exceed 1500 howrs (i.e., not more than 4 relevant critical failures) for
full missicon capability. Rdditicnally, there shall be no critical failures to
either the RMS or the anterna during this same 6@@Q hour pericd. In the event
that these MTBCF requiremerts are not met in the first E€82Q@ hours of
operation, testing and failure corrective action will comtinue until the
system matures to a current MTBCF of 150@ hours for a contiguous 6800 hour
periocd, and the separate requirements for the RMS and anterma are met during
the same E@0@ hour period. Current MTBCF will be determined for each 1000
hours of operation by dividing the last 6208 hours of operation by the total
relevart critical failures for that period of time. Shipment of production
systems will not be permitted until the requirements of this parapgraph have

beer met.
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4,2.6.2.3 RAcceptarce Criteria for Basic Reliability. - The cbserved MTEF, for
the same E@02 hours of operation for which the MTBCF was successfully
demonstrated, must be 1@@ hours or greater. The MTEF shall be determined by
dividing the €200 hours of operation by the total number of ARSR-4 relevant
failures. Shipment of producticon systems will rot be permitted until the

requirements of this paragraph are met.

4.2.6.2 Thermal/Electrical Stress Tests.- The contractor shall verify the
thermal and electrical stresses on 5 percent (randomly selected by the
Boverrment) of the semiconductor and microcircuit parts by measurement while
the equipment is operated at the worse case environment, duty cycle, and load.
The results of the measurements shall be compared to the derating
requirements, and the verification will be considered successful if measured
values are equal to or less than specified.

4.2.7 Maintairability Test and Evaluation.- Maintainability requirements
shall be verified in accordance with the following subparagraphs.

4,3.7.1 Maintainability Aralysis.~- The results of the final maintainability
prediction for the ARSR-4 shall be compared to the quantitative requirements
ard successful achievement determined if the predicted parameters are less
than or equal to the required parameters.

4,2.7.2 Maintainability Demcnstration.- A maintainability demonstration
shall be performed on the ARSR-4 in accordance with the SOW.

4.2,7.2 Maintainability Demeonstration Test Log.- A chronological test log
shall be maintaired throughout the maintainability demonstration tests as
cspecified in the S0W.

4,2.8 Scoftware Test Reguiremerts.=- Software testing shall include all
software provided under the contract. This shall include verification of the
ARSR-4 PSF.

4,2.8.1 Informal Scftware Testing.- The contractor shall conduct informal
software testing in accordance with the regquirements of the SOW and in
accordance with 4,2.8.1.1 and 4.2.8.1.8 herein for all software developed.
Formal testing shall be conducted in accordance with 4.2.8.2. The Bovernment
shall have access to all test information and results.
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4, 2,.8,1.1 Unit Tests.- Prior to start of gqualification tests, the contractor
shall conduct (informal) unit level and integraetiorn tests in accordance with
DOD=-STD-21£7. For each unit, the contractor shall maintair a unit test folder
which shall contain, as a minimum, a2 description of each specific ARSR-4
program functional/performance requirement designed into the unit, the
objective of each test conducted, the test steps invoked, the test result (s},
and the date each test was conducted. R minimum of 18% of the tests shall be
witnessed by the contractor's quality assurance personnel, and these personnel
shall affix an identification stamp on each test data sheet to indicate that
the software tested satisfies its design requirements.

4,2.8.1,2 Functional String Test.- Prior fo conducting formal tests, the
contractor shall conduct (informal) tests of each functionally related string
{e.g., path or threads) contained/defined within each computer program
componerts, For each computer program component, the contractor shall
maintain a test folder which shall contain, as & minimum, a description of the
ARSR-4 program performance/functional requirement (s) designed into the
computer propram comporent, a description of each string cortained therein,
the objective of each test conducted, the test steps invoked, the test
result(s), and the date each test was conducted. A minimum of 10X of the
tests shall be witnessed by the contractor's quality assurance personnel, and
these personnel shall affix an identification stamp on each test data sheet to
indicate that the software tested satisfies its design requirements.

4.2.8.2 Formal Software Testing.- The contractor shall conduct formal
software testing in accordance with the reguirements of DOD-STD-2167 for all
software developed, using Boverrnment approved software test plans and software
test procedures identified in the SOW. The contractor shall document the
results of formal software testing in software test reports identified in the
SOW and submit the same to the Bovernment for review and approval. The
Bovernment shall witness all formal software testing unless waived by the
Government.

4.2.8.2.1 Formal Testing.- The contractor shall conduct formal testing for
each CSCI in accordance with the requirements specified in the Bovernment
approved Software Requirements Specification and the Interface Requirements
Specification identified in the SOW,

4,2.8.2.2 Hardware/Software Integration Testing.- Subsequent to Formal
Qualification Test (FQGT), the contractor shall conduct Hardware-Software
Integration Testing in order to demonstrate to the maximum extent possible in
the contractor's facility that the CSCls, when integrated with the using
Configuration ltems (Cls), perform and meet the requirements of this
specification.
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4,2.8,2,2 Software Performance Qualification Testing.- Once the software is
integrated with the hardware, a formal performance qualification test of the
integrated software shall be performed and reviewed in accordance with DOD-
STD-2167 and MIL-STD-1521. Test procedures and test reports shall be supplied
as identified in the SOW. Software performance qualification testing shall be
required for each software version delivered. Once a software version is
qualified, additional systems using that version shall only require system
acceptance testing., Tests shalli exercise all algorithms in their final form
and shall include throughput tests under processing leoad conditions varying
from minimum to maximum.

4,2,9 Quality Verificatjon Matrix for Phase I, In-Plant QTLE.- Compliance
with the section 3 performance reguirements identified in the Quality
Verification Matrix in Table 4-1 shall be satisfactorily verified prior to the
RRSR-4 being delivered to a field site.

4,2.10 24-Hour Continuous Operation Test.~ After completion of all regular
production tests, each radar shall be aligned, in accordance with the standard
instruction manuals, to produce optimum performance and allowed to operate for
a period of 24 continuous hours without readjustment. The 24-hour continuous
operation test shall be performed to demonstrate compliance with specified
requirements. During this test, all CFE must meet all system requirements
without failure of hardware or software. Rny failure shall require a rerun of
this 24 hour test once the failure is remedied. At the end of this period the
pquipment shall meet all applicable specification requirements. This test
shall be satisfactorily completed prior to the system's delivery to a field
site.

4.2.11 Radome Materials Jests.- Specific radome material tests shall be
performed as specified in the following subparagraphs.

4,2.11.1 Radome Flammability Test.- The radome material shall be tested to
the requirements of Federal Aviation Regulation (FAR), Part 25.833b, using the

test methods of Part 25 Appendix F, Part 1.

4,2.11.2 Radome Combustibilitv Test.- The radome material shall be tested to
the requirements of Federal Aviation Regulation (FAR), Part 25.833b, using the
test methods of Part 25 Appendix F, Part 1.

4.2.11.3 Radome Hydrophobic Surface Test.- The radome material shall be
tested for its hydrophobic surface properties. The maximum surface free
erergy shall be 2@ Ergs/cm?.

Hydrophobicity measurements shall include the measurement of water contact
angles as measured using a Kaness, Inc. Mode D-1068 or equivalent contact

angle viewer.
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4,2,11. 4 Radome Water RAbsorption Test.- Radome wall samples shall be tested
for each and all of its subunits by total immersion of sample(s) of wall
subunits in water with sample edges unsealed. The samples, after 24 hours of
total immersion, shall not have absorbed wateri as determined by the weipht of
the sample not increasing more than one percent.

4.2.11.5 Radome Weathering Test.- Advanced weathering tests that conform to
ASTM=-E-53-84 shall be performed on radome materials.

4,2,11,5 Radome Environmental Test.- Environmental tests shall be performed
in accordance with MIL-STD-818 environmental test methods.

4.2.11.7 Radome Electromaonetic Performance fAnalysis.- Electromagnetic
performance aralyses shall be performed to calculate the radome's affects on
the Mode S parameters identified in 3.5.1.4.1 through 3.5.1.4.7. This
analysis shall also demonsirate the radome's impact on ARSR-4 performance
across the RRSR-4 operating frequency band.

4,2,11.8 Radome Seam/Joint Test.- Rny seams or joints used to fasten radome
parels together by gluing, heat welding, plastic bonding or other methods not
utilizing mechanical fastenings such as bolts, must be subjected to tests
which will confirm the ability of the seam or Joint to withstand loads
encountered in the specified environmental conditions, and over the specified
lifetime of the radome.

4,.2,11,9 Radome Flectromapnetic Emissions Test.- Auxiliary equipment shall
be tested to verify the Electromagnetic Compatibility requirements of section
3 using the test procedures identified in the SOW.

4.2.12 Interface Tests.- The contractor shall demonstrate that the ARSR-4
can interface and operate compatibly with the following:

SoCC

RSSF

ARTCC

FRR Technical Center
ATCBI-S

Mode S

RRWDS

RMMS

Modems
Mode 4 Computer (KIR-1B or KIR-1C) and Interface Device (KG5-84C)

As many interfaces and functions shall be active for this test as facility
operational requirements permit.
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4.2 Phase 1l Dn-3ite GTEE.- The Phase Il On—site GTEE requirements for the
ARSR-4 shall be performed by the contractor and the Goverrnment as reguired at
a Bovernment selected site. R11 test equipment to demonstrate ARSR-4
performance, remote performance monitoring, and all other maintenance tasks
shall be provided by the contractor. The standard test equipment shall remain
at the site for the duration of the tests. Rs a minimum;, the following shall
be accompiished.

{aj Production tests

{5 Items identified in the Guality Verification Matrix

{c) System coverage demonstration

{ds Operatioral subclutter visibility

() Cancellation of multiple time around targets and clutter
{f Interface tests

(p) RMS

h Weather proccessing

(1) Zlectrical power

119 Ervironmental characteristics
(k) 72-hour continuous operation field test

The contractor shall perform such additional inspections, analyses,
demonstrations, and tests necessary to establish compliance with Table 4-1.
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4.3.% Production Tests.- The following listed test items, as a minimum,
shall be performed on each RRSR—4 in order to demonstrate compliance with
specified requirements.

Transmitter peak power RFG performance

Pulsewidth Point of control

Average PRF Rlarm controls

Noise figure Search tarpet processing
Receiver sensitivities Beacon target processing
System stability Weather Channel

Capacity : Five level! weather

RF pulse radiated spectrum RMS

TR device, recovery time Mode 4 prorcessing performance
STC RF plumbing, pressurization integrity Formatter performance

Trigger requirements Automatic Ha insertion from
Clutter procescing performance the on—-site weather station

Test target generator

4.2.2 Qualitv Verification Matrix for Phase 11, DOn-Site BTEZE.- Compliance
with the section I performance requirements identified in the Guality
Varification Matrix in Table 4-1 shall be satisfactorily verified prior to the
ARSR-4 being accepted by the Government.

4,3.3 Svetem Coverapge Verification.— Flight testing, in accordance with the
SOW, shall be accomplished prior to the ARSR-4 being accepted by the
Zovermment. This flight testing shall use a 7~38 aircraft supplied by the
Bavernmant. The contractor shall demonstrate the ARSR-4's capability to meet
all the detection performance requirements of section G.

The flight testing specified herein shall use a T-38 aircraft which shall be
suppiied Ly the Sovernmert. The T-38 has a RCS of Z.2wm® and shall be assumed
2s having Swerling 1 characteristics. Any other aircraft needed for
performance verification shall be an aircraft mutually agreed upon by both the
Government and the cortractor.

4,3.4 QOoerations]l Subclutter Visibility (SCV).- The contractor shall
demonstrate that the operational SCV of the system meets the specified
perfurmance reguirements of section 3 for live clutter and with the anterna
beam rotating. The procedure to be used shall be in accordance with

Apperdix D of this specification. Blip/scan data shall be collected over ten
scan intervals and recorded. This test shall be repeated ten times on seven
ronsecut ive gays and then averaged to determine the coperational SCV. The test
shall be repeated over several velocities selected by the contractor and
approved by the Bovernment.

4, 3.5 Multiple Time fround Target/Clutter Canceilation.- The contractor
shall demonstrate the RARSR-4's ability to cancel multiple time around targets
and clutter as specified in section 3.
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4.3.6 Interface Tests.- The contractor shall demonstrate that the ARSR~-4 can
interface and operate compatibly with the following:

SOCC

RESF

ARTCC

FRA Technical Center
ATCBI-S

Mode S

RRWDS

RMMS

Modems
Mode 4 Computer (KIR-1B or KIR-IC) and Interface Device (KE-84C)

As many interfaces and functions shall be active for this test as facility
operational requirements permit.

4,3,7 Remcte Monitoring Subsvstem.- The contractor shall demonsirate the
operation, ease of calibration, and effectiveness of the RMS. This shall
include, but not be limited to, remote monitoring of ARSR-4 performance,
diagnostics of the ARSR-4, field adjustable/selectable parameters/controls,
and the compatibility of RMS test equipment for use during corrective
maintenance.

4.3.8 Weather Processing.- The contractor shall demonstrate the operation
and stability of the weather processing functions of section 3. This will
include, but is not limited to the following:

(a) A demonstration of the ability to accurately report the five
weather thresholds corresponding to the standard NWS values.

(b} A demonstration of readily interpreted weather contours, with the
least amount of ambiguity between contour levels or boundaries, to
demonstrate smoosthing from scan to scan.

{c) A demonstration of operator controls for operator selection of the
three weather contour levels.

4,3,9 Electrical Power.- Total power consumption shall be measured at the
service entrance for the complete ARSR-4 during the evaluation period to
determine the energy efficiency and compatibility with the existing engine-
generator and environmental subsystem of the site. Power interrupt/switching
between commercial and engine-generator sources shall be evaluated to insure
minimum disruption to the ARSR-4 in an cperating environment per the
requirements of this specification.
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4.3.18  Envirormpntal Characteristics.- The contractor shall demonstrate the
ARSR-4 impact om the envirormental characteristics at the site. This will
include, but is not limited to, the following:

(a) Interior building temperature control as affected by transmitter
heat transfer and ventilationm

{b) Bereral characteristics of heat transfer from electronic egquipment
cabinets

() Interior and exterior noise levels shall be measured for
comparative purposes and to insure that the noise level produced
during nermal system cperation does not exceed limits specified in
3.8.1.8.

{d) All ionizing and nonionizing radiation leakage levels.

4,3.11 Contirucous Operation Field Test.- A 72-hour continuous operation
field test shall be performed tc demonstrate compliance with specified
requirements. During this test, all CFE must meet all system requirements
without failure of hardware or software. Any failure shall regquire a rerun of
this 72 hour test ornce the failure is remedied. At the end of this period,
the equipment shall meet all applicable specificaticm requiremerts. This test
shall be satisfactorily completed prior to Government acceptance.

4,4 Phase 111 In-Plant PATRE.- Phase III is the in-plant gquality assurance
test for production of the ARSR-4 and applies to all systems provided by the
contractor. As & mivnimum, the following shall be accomplished.

(a) System and Subsystem Production Rcceptance Test
{b} Production Tests
(o) Ttems identified in the Quality Verification Matrix
{d) 24-houwr Contirucus Operation Test
{e) Type Test
The contractor shall perform such additional inspections, analyses,

demonstrations, and tests necessary to establish compliance with the
requirements listed in Table 4-1.
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4, 4.1 System and Subsystem Production Acceptance Test.- Each ARSR-4
delivered under the contract shall be completely wired and assembled in its

final irstalled configuration for the system production tests at the
contractor!s manufacturing location. System production testing shall be
performed with the equipment fully assembled and operable and radiating as a
complete system. Anterna testing may be performed separately, if necessarys
however, an installed antenna cuomplying with all performance requirements
specified herein shall be available for system testing.

In addition to appropriate mechanical and electrical tests, the contractor
shall generate a set of anterna radiation patterns on each anterma and its
associated equipment. The test shall be conducted on an anterma test range
meeting the requirements specified in Apperdix E. Anterma testing during
Phase 1 shall be accomplished with the cone beacon anterna mounted, with two
beacon antennas mounted, and withaout any beacon anterma(s) mounted as
specified in 2.5.2.1. At least three anterna patterns shall be gernerated for
each anternna produced, verifying all applicable requirements’ such as antenna
beamwidth, anterma gain, cross polarization ratic, circular pelarization
carncellation ratin (if applicable), the requirements of 3.5.2, etc. Each set
of patterns shall be takern at a discrete test frequency and pointing angle.
The set of frequencies and pointing angles used to test each individual
arterna shall be randomly selected and be unique to that antenna. The test
frequencies used shall be distributed across the low, middle, and upper part.
af the aperating band to assure that antenna pattern aromalies related to
frequercy that are detrimental to system performance are not present. The
minimum separaticn betweern the test frequencies shall not be less than 25 MHz.

4.4.1.2 Production Tests.- The following listed tests, as a minimum, shall
be performed on each ARSR-4 to be delivered to the Goverrment in crder to
demonstrate compliance with specified requirements.

Transmitter peak power RFG perfarmance

Pulsewidth Paint of control

Rverage PRF Alarm controls

Noise figure Search target processing
Receiver sensitivities Beacon target processing
System stability Weather Charmel

Capacity Five level weather

RF pulse radiated spectrum RMS

TR device, recovery time Mode 4 processing performance
STC RF plumbing, pressurization integrity Formatter performance

Trigger requiremerts Automatic Ka insertion from
Clutter processing performarnce the an-site weather station

Test target generator

4.4,1.3 Quality Verification Matrix for Phage III In-Plant PATRE.-
Compliarnce with the section 3 requirements identified in the Quality
Verification Matrix in Table 4~1 shall be satisfactorily verified prior to the

ARSR-4 being delivered to a field site.
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4.4, 1.4 24-Hour Continucus Operaticn Test.- After completion of all regular
production tests, each radar shall be aligrned, in accordance with the standard
instruction manuals, to produce optimum performance and allowed to operate for
a pericd of 24 continuous hours without readjustment. The Z4-hour contirnuous
operation test shall be performed to demonstrate compliance with specified
requirements. During this test, all CFE must meet all system requiremernts
without failure of hardware or software. Any failure shall require a rerun of
this 24 howr test once the failure is remedied. At the end of this period the
equipment shall meet all applicable specification requirements. This test
shall be satisfactorily completed prior to the system’s delivery to a field
site.

4, 4.2 Type Test.- The Phase III Type Test performed under the service
conditions shall be performed in accordance with 4.3.3 of FRA-G-218@. The
complete ARSR-4 desigrn shall be tested under service conditions as specified
in 4.11 of FRA-G-2182. Anternna type testing may be perfuormed separatelys
however, the type test system shall be cormected to an installed operating
anterma so as to provide a true operating envirorment.

4,.4.2.1 Type Test Reguirements.- The contractor shall submit type test
procedures arnd test data sheets for approval by the Government. As
_appropriate, system performance tests shall be made in all modes of operation
while type testing. Since the radar design is not defirned in this
zpecification, a complete list of tests to be performed shall be submitted to
the Goverrment for approval.

4,5 Phase IV On-Site PATRE.- Phase IV is the on-site quality assurance
tests for the ARSR-4 and applies to all production systems. Some of the
specific tests for this phase of testing shall be derived from previous
(Phases I, II, 1II1,) phases upon approval by the Goverrment. Rs a minimum,
the following shall be accomplished.

(a) Items identified in the Quality Verification Matrix
ib) System Coverapge verification

(c} Dperational SCV

{d) Multiple Time Arcund Target/Clutter Cancellation

(e} Interface Tests
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(f) RMS

(g) Weather Processing

(h) Electrical Power

{i) Envirornmental Characteristics

() Continuous operation Field Test
The contractor shall perform such additicnal inspections, analyses,
demonstrations, and tests necessary to establish compliance with the
requirements listed in Table 4-1.
4.5.1 Qualitv Verificatiorn Matrix for Phase IV.- Compliance with the section
3 requirements identified in the Quality Verification Matrix in Table 4-1

shall be satisfactorily verified prior to the ARSR-4 being accepted by the
Goverrment.

4,5,.28 System Coverage Verificaticn.- Flight testing, in accordance with the
SOW, shall be accomplished prior to the ARSR-4 being accepted by the
Goverrment. This flight testing shall use a T-38 supplied by the Boverrment.
The contractor shall demonstrate the ARSR~4's capability to meet all the
detecticn performance requirements of section 3.

The flight testing specified herein shall use a T-38 aircraft which shall be
supplied by the Goverrment. The T-38 has a RCS of 2.2m* and shall be assumed
as having Swerling I characteristics. Any other aircraft needed for
performance verification shall be an aircraft mutually agreed upon by both the
Goverrment and the Contractor.

4,5.3 Operational Subclutter Visibility (SCV).- The contractor shall
demcnstrate that the operational SCV of the system meets the specified
performance requirements of sectien 3 for live clutter and with the anterma
beam rotating. The procedure to be used shall be in accordance with

Appendix D of this specification. Blip/scan data shall be cocllected over ten
scan intervals and recorded. This test shall be repeated ten times on seven
consecutive days and ther averaged to determine the cperational SCV. The test
shall be repeated cver several velocities selected by the contractor and
approved by the BGoverrment.

4,5, 4 Multiple Time Around Target/Clutter Carcellaticn.- The contractor
shall demonstrate the ARSR-4's ability to cancel multiple time around targets
and clutter as specified in section Z.
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4,5,5 Interface Tests.- The contractor shall demonstrate that the ARSR-4 can
interface and operate compatibly with the following:

socC
RARTCC
RTCBI-S
Moge S
RRWDS
RMMS

Modems
Mode 4 Computer (KIR-1B or KIR-1C) and Interface Device (KG-84C)

Rs many irterfaces and functions shall be active for this test as facility
operational requirements permit.

4, 5. £ Remote Monitoring Subsvstem.- The contractor shall demonstrate the
cperation, ease of calibration, and effectiveness of the RME. This shall
include, but not be limited to, remote monitoring of ARSR-4 performance,
diagnostics of the ARSR-4, field adjustable/selectable parameters/controls,
and the compatibility of RMS test equipment for use during corrective
maintenance.

4,5,7 Weather Procescing.- The contractor shall demonstrate the operation
and stability of the weather processing functions of section 3. This will
include, but is not limited to the following:

{a) A demonstration of the ability to accurately report the five
weather thresholds corresponding to the standard NWS values.

(b) R demonstration of readily interpreted weather contours, with the
least amount of ambiguity between contour levels or boundaries, to
demonstrate smoothing from scan to scan,

{c) A demonstration of operator controls for operator selection of the
three weather contour levels.

4,5.8 Electrical Power.- ARSR-4 power consumption shall be measured at the
service entrance for the complete ARSR-4 during the evaluation period to
determine the enerpgy efficiency and compatibility with existing engine-
generator and environmental subsystem of the site. Power interrupt/switching
between commercial and engine-generator sources shall be evaluated to insure
minimum disruption to the system in an operating environment per the
requirements of this specification.
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4.5.3 Envircrmental Characteristics.— The contractor shall demonstrate the
ARSR-4 impact on the environmental characteristics at the site. This shall
include, but is not limited to, the following:

(a) Interior building temperature control as affected by transmitter
heat trarsfer and ventilation

{b) Beneral characteristics of heat transfer from electronic equipment
cabinets

{c) Irterior and exterior noise levels shall be measured for
comparative purposes and to insure that the noise level produced
during normal system operation does not exceed limits specified in
2.8.1.8.

(d) All ionizing and nonionizing radiation leakage levels.

4.5.1% Continucus Operation Field Test.- R 72-hour continuous operation
field test shall be performed to demonstrate compliance with specified
requirements. During this test, all CFE must meet all system requirements
without failure of hardware or software. Any failure shall require a rerurn of
this 72 hour test once the failure is remedied. At the end cf this period,
the equipment shall meet all applicable specification requirements. This test
shall be satisfactorily completed prior to Govermment acceptance.

4.6 Testing Methnds.—- The following subparagraphs describe the verification
methods that shall be used in the Guality Verification Matrix in Table 4-1.

4.5.1 Inspecticn.~ The success criterion for inspecticn shall be pass/fail.

4.58.1.1 Hardware,- Inspectisn of hardware is defined as a method of
verification of physical characteristics that determines compliance without
the use of special laboratory equipment, procedures, items, or services.
Inspecticn is used to verify construction features, document and drawing
compliance, workmanship, ard physical condition.

4.5.1.2 SBeoftware.— Scftware examination is an element of inspection
consisting of investigation, without the use of special laboratory appliances
or procedures, to determine compliance with requirements. This nondestructive
examination includes review of sofiware source and object listings to verify
campliance with software documentation, requiremeris, and coding standards, as
well as verificatiom of the implementaticrn of required mathematical esquations.
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4,6.2 Test.-

4,6.2.1 Hardware.- Hardware test is defined as a method of verification
wherein performance is measured during or after the controlled application of
functional and/or envirormental stimuli. Measurements require the use of
labocratory equipment, procedures, items, and services.

4.6.2. 8 Boftware,— Scftware test is an activity that employs technical
mearns’ including evaluation of functional operation by use of special
equipment or instrumentation, simulation techniques, and the application of
established principles and proceduresi to determine compliance with
requiremerts. Test performarnce is the means of creating data for detailed
analysis. The analysis of data derived from tests is an integral part of the
activity. :

4,5.2 Demcnstration.~ Demorstrations are used to indicate "pass/fail®
conditions,

-

4,8£.32,1 Hardware.- Hardware demcmstration is defined as a method of
verification dencting the qualitative determination of properties of an end-
item or unit by cobservatior. Demonstration is used without special test
equipment or instruction to verify characteristics such as operational
performance, human engineering features, service, access features, and
transportability.

4,£6.3.25 Boftware.- Software demcmstration is an activity that is limited to
a readily observable functional operation to determine compliance with
requirements (e.g., the proper respornse at a site as a result of a specified
interrcgation or command to be processed by the program). Demonstration is
primarily used for activities where data pathering is nct appropriate, such as
CRT display verification.
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4,6.4 PAnalysis. -~

4,8.4,1 Hardware.- There are three methods of hardware analysis:

(a) Engineering Analysis. This type of analysis is usually an
engineering design function. It involves the study, calculation,
or modeling of the following:

{1 Known or potential failure modes

(2) Reactions or interactions of the specified parts, materials,
and processes

(3} The design configuration with the known function,
performance, and/or probable effects of the operaticnal
environments :

This analysis is narmally used to verify margin when it is not
desirable to test to failure.

{b) Similarity analysis. Similarity analysis is a method applied to
end-items or units that are identical in design and manufacturing
processes to end-items or units that have been previously
qualified to equivalent or more stringent requirements.

{c) Validation of records analysis. Validation of records analysis is
a method of verification wherein manufacturing records are used as
a method to verify compliance of concealed construction features
or processes of manufacturing (e.g. vendor items).

4,6.4. 5 Eoftware,— Software Analysis is an activity taking the form of the
processing of accumulated results and conclusions, intended to provide proof
that the verification of a requirement (s) has been accomplished. The
analytical results may be comprised of interpretation of existing information
or derived from lower level tests, demonstrations, analyses or examinations.
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TABLE 4-1, QUALITY VERIFICATION MATRIX

Paragraph No. Title |CS|PH 1[PH 21PH 3|PH 4|
1.0 SCOPE tevneernnnrsenaresoscasorenensans Cereeenreaeirarasaeaes ceeees |_S] | | !
3.1 Summary of Equipment and Services to be Furnished by the Contractor .. |__| | ! | |
3.2 Not Used «.uvvvvvevnencnnnes cerereaes e rereeneeearacneaeaes AU | ! | |
3.3 Definitions ceveeveesenas Ceereeetttetnaan i raanans cerreeas Cesreceans [l | | | |
3.3.1 Principal Azimuth Plane ...veevevenrnncrraasess Crerecevitieatannntanas [ | | | !
3.3.2 Principal Elevation Plane .......... Cereraene e theeranseetreaeaeens oo | ! | ] |
3.3.3 Peak of Beam ....... Ceeeenneans e eeeeanerrannarseeraenas vreeeaees cove | | | | |
3.3.4 Nautical Mile (nm) «..oovvvevnvnennsnn Cerersaiarisearattsearararreeneas [ ! | l
3.3.5 High Sited Site ......... e eerereeeeenea e e N R N T N M
3.3.6 Low Sited Site ......... ceeaeeees e ttecetetenrraaraanereras ceerrenes |l | | |
3.3.7 Reflectivity Factor {Z) veeveeciernrirncnerncnernennss cereeeans ceraeas |1 I | !
3.3.8 Field Adjustable/Selectable ...ccveviiniiernncnnnnns Cherressesassananie 1 | | |
3.3.9 Site Adjustable/Selectable ......... e eseeeactetar e eraen, cesen | | | |
3.3.10 Line Replaceable Unit (LRU) +.vieivinininmnerienannnensns cereees cevnes |1 l | l
3.3.11 Site Visit cevivrnivrnnvennnens f ettt ettty i1t |
3.3.12 FaiTUre vvvveeeerenrsonnnnncnanccnnacesssssanns Ceeererenes Cerrereenans 1 | { {
3.4 System Performance Requirements ....... Crieeeeesearii i, . |_S[ ADT| DT| [ T]
3.4.1 Primary Radar COVErage ...oeieeeeresacnrenrnrecsscnasnss S | | {
3.4.1.1 Search COVErage ....veevievierearenceneanecns Ceeeatietesiit e [C{AT] DT| | OT|
3.4.1.2 Search Detection Envelope .....covvvnesn ceeeesanes Cereetenatenarranas I_1AT] T [T
3.4.1.3 Height Coverage ....vcveevinevaecess Ceeareeeetetettenttaenrararsannrae |C | ADT| DT| | DT
3.4.1.4 Height Detection Envelope ...iveevererrincencnnreanancancsnsannas ceeee J I AT T [T
3.4.1.5 Target Definition ..ovvuvnnnn.. et teeneatireasteeaararaneas ceveees | | | |
3.4.1.6 False Reports ....covvnes e resssstsseesnsreranessserenes ceseeens ceeess | LAT]L T T} T
3.4.1.7 Performance in CTUtter s.vvereerneenerereneiacennnnnes ceteeneaes eeves |1 ADT| DT| [ DT
3.4.1.8 Radar Target Capacity ..vvvevivacrrvansss Crareseanees Ceeireennsennanas |_S| | [ 11 !
3.4.1.9 Primary Radar ACCUracy s.vseceveessssssessss feetesreteteareintrennnsran |l | [ |
3.4.1.9.1 RANGE ACCUTACY eveeeaesonnssanasssassssosssssnsssnssssssesosssovsssens |1 ATl T| | |
3.4.1.9.2 AZIMULh ACCUPACY tevssseenssrennnnnnsasssssonnes feseenveressesasrnnnas |_1 AT Tj |
3.4.1.9.3 Height ACCUTACY +evevvrsnrsnraesssoesnsensssssasentssssscssorenssnnsns || ATI T| i
3.4.1.10 Primary Radar ResoTution .eeveveereeneinrnnrarerneraceesncanss R ! | | |
3.4.1.10.1 Range Resolution ...eivvieecenvennnnns Ciaresnsees Crereerresseeiananaas |1 ATI T} | |
3.4.1.10.2 Azimuth ResoTution ...eeceeveieeecrvrcennnnanes trrsreeeaes teseanesonren _1AaT] T] | |
3.4.1.11 Primary Radar Time Sidelobes c.eeeeveseisrsenssnnnsenessonavssonosones 1 T ] | !
3.4.1.12 Primary Radar Data Update Rate ........... Cieranaees Cesensssasssasanes 1 T 71 L Ti
3.4.1.13 Primary Radar Split Probability «eeeeeeevirerariiineecennaneanecnanns 1 T 7] [ T|
3.4.1.14 System Data Delays «eeveveceeerrerornsosorarararnrnsnsnecscanasisnsass |_S] | | |
3.4.1.15 Primary Radar Frequency ....c.oeeees.. creeiasens Certrererenaecannacaanns [ | | i
3.4.1.15.1 Tunability ........ Cee v s reeereteuteteoatanns et e rasans . |C_ L ADT| T | |
3.4.1.15.2 Spectrum Engineering Criteria .veveeerenenen creereairaansaas tesraseses [ T} | 7] |
3.4.1.16 Primary Radar Jam Strobe Reporting .veeeceevevecieiveanaess T A I I | | |
3.4.1.17 Weather Data QUEPUL +veevevieecsaeeesssososssansocsesnnsnsensnsssannas |CS| T DT| DT| D |
3.4.1.18 Remote Monitoring Subsystem {(RMS) ............ T N I | |
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TABLE 4-1, QUALITY VERIFICATION MATRIX (continued)

Paragraph No. Title JCSIPH 1[PH 2{PH 3{PH
3.4.2 Beacon System Performance .....cevisiecisnerrnnrnannarnenans ceseseeses |__|IADT] | |
3.4.2.1 Transponder Replies ....vcvvevierieronnns Cersenianes Crerereensnnnnnias |1 | |
3.4.2.2 ATCRBS Performance ....cccieeviescccssoannsasssnnnnsssasnnsos Ceseesneas |1 ] ]
3.4.2.3 Probability of Detection (Pd) ......ceen.. Ceeererarcaretaesesansanann [ 7] 7] T
3.4.2.4 CaAPACTLY vrevnrorerecacncnsncecacncnns et eetttertratararacaeaaaanas |_S] | | Tl
3.4.2.5 Range ResolUtion ...iueieveeucnrnnsnsansnonaens Cerrrseereeeas ceveesee | T T T
3.4.2.6 Azimuth Resolution ..uiiecieeeincennreenoasansssossssnsssnnss ceennes [c] T T]
3.4.2.7 RANge ACCUFACY +evuveesocssassssoncnsnseonrsenssssnasssans Cheeesasanes [} Tl ot} T
3.4.2.8 AZimuth ACCUracy .eveesesussecvssecans Ceeaeereretasicsattenatrraasonan 1T T
3.4.2.9 SPTit REPOrtS suivevrensnnssenssorsrssescenceatacacnnnsnssssssssanss FAP N A I N
3.4.2.10 Code Validation and ACCUraCY ..ivueerevernonrnncrnensecanssanasonns U N I o I 8 N B
j.4.z2.11 False REPOTtS vuvevviunssnncesensannarevaecavesens Cerereentiitanaans P I N O 1
3.4.2.12 Fruit Rates ..vvuvcvvnicrrnncinvnsecinennaes Crereceesens Crestiieaniians |_S| | |
3.4.2.13 Target Processor ..... i iereheesasasecacantantantantantenseettiarnnrn €1 | [ l
3.4.2.14 Beacon Radar EqUipment ...vvieerinerrenerennerinessonsannnes Chereenans |1 o1| DT} ]
3.4.2.15 Mode 3/A and Mode C Mapping ....ccvveeinnnennns tesescesasriaas Ceneaes |_SI | |
3.4.3 Availability/Reliability vevneinreniiirnrinuraecennes Cereereraenens |1 | i
3.4.3.1 Reliability Requirements ......ccvviveveeennnns O T .\ I | |
3.4.3.1.1 Mission Reliability vovveerieennviinnniainnnenns B I .11 | |
3.4.3.1.2 Basic Reliability sovvvvrrienreneerenernanesceceenss teeseseesanes ceres |_LAT] | |
3.4.3.1.3 Reliability Design Requirements .......coeevneenn. O I 11 | |
3.4.3.1.3.1 Thermal Management and Derating ....eveveeveveecnnns B I e | |
3.4.3.1.4 Reliability Definitions ....ccvvvevnennnnn Ceresereirenaas Cerreeeranans |1 | |
3.4.3.1.5 Radome Reliability wuvevecvnerineineneesnrereceeceaseresnsassannannons [ 1A | | |
3.4.3.2 Availability ....evuvnnnnn Ceeeerrereisraens Ceraeessai et [l AT | |
3.4.4 MaintainabiTity cevvenesnssssnessonsecsereroosnsanccnnssccarvesennns oo |1 | |
3.4.4.1 Maintainability Quantitative Requirements ............. vesecanns cessen J_1 D1 DI
3.4.4.1.1 Corrective and Preventive Maintenance .....eveiessecnnsnnnssnenesnnnes |1 AD | | |
3.4.4.2 Maintenance Actions ............ Cearsresssasiiasereanetatettaanananaas |_1.AD } | |
3.4.4.3 Maintainability Design ..cvviiiineccirrecinensceacnnnnes Ceseesenaan eee |11 D} |
3.4.4.4 Testability eveenriiiiiniiiiiiieiiiiitiieereeeioteneeesennsacaacans |1 D] I
3.4.5 Useful Life ....... P eee d 4] | |
3.4.6 Environmental Conditions ....ucvievenieneencnnerneneees R | |
3.4.6.1 Climatological ...ccvuun. e riraecaciseaeisaanasenn Ceeieesiiaceaaenanas |1 | |
3.4.6.1.1 Ambient Temperature ......... f e esaeassasaeesaracanerrereaataaans |__1AT| | 7]
3.4.6.1.2 Relative HUMIdity coveneenieniennrnnrnnrinrsiernninaens R I . [ 7]
3.4.6.1.3 Altitude covivvevennnnreninnnnnnnnns Crrseseessessesenaaes B I . I |
3.4.6.1.4 T UOTUOTRN N S I
3.4.6.1.5 Corrosive Salt Atmosphere ....vcviiveiiiierineciinieneceenceens cevees |1 A | |
3.4.6.1.6 1 - T I .7 | |
3.4.6.1.7 Fungus «.c.e.. Ceeiseseesetentecansnanas Ceariiasaenseeiescanasenanenans | I ] |
3.4.6.1.8 Snow and I¢e Loading ueeucierieiernrierieincarncnesncrsssensananens oo 1A | |
3.4.6.2 Electromagnetic Environment .v.vivieviiveiirnnrereennrnenenieeenecnses [ T] |
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Paragraph No.  Title [CS|PH 1|PH 2|PH 3|PH 4|
3.4.7 Transportability vuvvseeecereseecassessnccesencanssnssnsss cerennoenses |__LA | | !

3.5 Functional Design Requirements ....ieeeeeeceecsesnsssasssnnnncnsnenans 1 | | i
3.5.1 RAGOME v evvssussssussosssesasssoossssssassssansssassessssnsnsonss eers |__|IADT| l I |
3.5.1.1 Major Unit List ..ovuveiieeeiinnennnnnns Creeienaeas Cresrenessincananas 11D ] Db} [ D
3.5.1.2 Physical Characteristics .uueesseecesssscscsansunsnnsrsasnssnnsonsenss 1 | ! | !
3.5.1.2.1 Internal and External Surfaces ....eeieierrieciinnnsansseancacasasanns |1 1§ | | |
3.5.1.2.1.1 Water Penetration ........iiveeeenes Ceteeereetetaiiienaneasenaa R I T 5 ) S I
3.5.1.2.1.2 Hydrophobic SUPrface ...iveeccrinnneeeseenenenosrtsannans [ I I o | | |
3.5.1.2.1.3 Protective Coating ..... ceretetinseeaans ceeriaeiaas Cetieisessansanens [ | J ! |
3.5.1.2.1.4 Solar Radiation ...eieeieiiessesssotaanencsiernarsntsseceranesnasvnsans |1 Ti | | [
3.5.1.2.1.5 Ice and Snow Adhesion ....ucvcveeieieraceeancns T A - | | !
3.5.1.2.1.6 External Color ...vvveinrrnnenes Cerressesiiaranes Cherersasiatserannans |1 | | |
3.5.1.2.2 Flammability and Combustibility vevveessnncnerinriosiocsesnnsineeaanns [ 7] | |
3.5.1.2.3 Temperature Stability viveeerensrieeiennssnnsnnnnrrssnscesaseoseannaes [l 7] | |
3.5.1.2.4 Physical Stability voovvrierriiiiennnnnerennnenonss Ceerseseesiereninee [ 1A | | |
3.5.1.2.5 SNOW ROPE +vinriiiiecensnnrrnncoseneeanees Carresiesserenaes cevennees |1 T| | |
3.5.1.2.6 Aerodynamic Loading ...... Cerrreacieieeraaes Chesaiararesineannanenns [ 1A | | |
3.5.1.2.7 Thermal Temperature Gradients ...iueveecervierenreacisoseciacennennnns |1 AT | | |
3.5.1.2.8 Nameplates or Product Markings .....cceeeeiieiiiinenearnarecreneeannns [T | [ |
3.5.1.2.9 RAdOME AT LOCK 4eueuveurneansneensnsnssrsnrssnnrsssscsceccssosssrones 1 | | |
3.5.1.2.10 Lightning Protection uueecieieieeareaarsosnttsssrsanssessssssssssnas [ | J
3.5.1.2.11 Aircraft Obstruction Lights ...ceeivviacnann. Cheihirieeseeinrieneaneen “|_SIIAD |1 D | [1D]
3.5.1.3 AuxiTliary EQUipment ..ueeivievaseraosssnensssssssnasssssssacasasenenns |1 | | |
3.5.1.3.1 Remote Maintenance Monitoring ......... Certettisesatatesessassansanans |1 ] 1 |
3.5.1.4 Electrical Performance Requirements ....ceevereeravensanaseceananaasas 1A | | | !
3.5.1.4.1 Antenna Main Lobe Beamwidth Error ....ccivviiiiiiiiiiianiineniane., |1 A ! | | !
3.5.1.4.2 Boresight Error ......... et raeraeee i ceriseaaas | A | | I |
3.5.1.4.3 Boresight Error S1ope cuvvveiveronsensns Cerserisiesnrenes Ceenereansaens . | | |
3.5.1.4.4 Difference Pattern Null Depth Error ..veeeeeviiennnrnanss Ceeenaraaenas [_1A | i [ !
3.5.1.4.5 Sidelobe Level Error ..vvvee... e dedreeseettetit i atrariasiaeererenss LA | | | |
3.5.1.4.6 Cross Polarization Ratio ......evevevveennannns Cereseeseresiseesisrans |1 A | ! | |
3.5.1.4.7 Transmission Loss ...... Ceeeretereerataraniaaan e 1A | | | |
3.5.2 Radar Antenna ......cvcevevnnen. ceesens teraeseratrsrasasnssssssssssass |C [TADT| Tl [
3.5.2.1 Beacon Antenna Provisions ...eeeeeeiiiiiiineiiiiiiesencistiarenneanens |__L1ADT| | | |
3.5.2.2 Antenna Alignment ....... e eaererieateeata e aaaaaas 1A | ! | |
3.5.2.3 Mutual INterference ....ueeeeeseeernerecnenerarnsrnrercoresnssosssnons |1 ADT| D] |
3.5.3 PEdestal vuiinrrnnrnerenererne i rar e ta e eararaaas R i |
3.5.3.1 Rotary JOint «veeverensrnersensannens ettt iaeerserratatrsaniaeanae |11 1] L1l |
3.5.3.1.1 Phase Shift TOTErances suieeeeeesnsecaceenrararararasssasssnsasnsssnss [ ! | |
3.5.3.2 Azimuth Pulse Generator {APG) ......cieeevvesnnnnnasens feeeensssanaaes 1 T | T} |
3.5.4 Transmitter ........... et ereeeeseiisetattettttetns st nssannsenanaanns I I 1 L 1]
3.5.4.1 Operating FreqUENCY «ueeueresssnsencnessesscsrassssssnsenonns N I I | | |
3.5.4.2 Transmitter Cooling cveeeeeieeeneeneanecnconecancas Creriaiieeeeeenans T D 0 1) 1 B |
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Paragraph No.  Title [CS|PH 1|PH 2|PH 3|PH 4]
3.5.4.3 Voltage Standing Wave Ratio (VSWR) .eviverreinrcnnosiesrsnnsssnnsnanss [ 7] | |
3.5.4.4 Protective Circuitry ..vvierriiecrieenieenenenens cretriasrraasene coee | | | | |
3.5.5 RECETVEr +iuiviinienssnrsnrarssnsonasersns Ceeesetentanierttatansanaans [l | | |
3.5.5.1 Sensitivity Time Control (STC) ...... e eeretreeee e [C] T| D] |
3.5.5.2 Receiver Video QUEPUL +vviinererervnnnncesnacennssasasnasses cvessveess || DT| D | |
3.5.5.3 Receiver EMC .viiiiiiiiinnnnrsennscnnnsns Ceeeiatestsiarraan s |1 Tl | [ {
3.5.5.4 Protective Circuitry .ovvverrenrrieceeseerssasaneercanssancons creess oo |_JIA | D] [ D}
3.5.6 CTutter ProCesSSing wevesessosscseanesenronnessecencssssasssansosnnns .o |__L ADT] DOT| [ BT|
3.5.6.1 Terrain Clutter c.ioeveiiiiiiriieiennnennees Cerrenrseriariiernes eene | L AT T] T
3.5.6.2 Weather Clutter .............. b esaeesecsactneenctattaenatiatiarranran |_| ADT] DT} | _DT|
3.5.6.3 SEa CTULLET vvvnvrvreerennnnnseeseennnnnes et eeeeeeneeeeeereaaaaaa. LA L T 1 71
3.5.6.4 Anomalous Propagation (AP) ......... e teieearesenatastraanaa e 1A | DI | D]
3.5.6.5 Angel Clutter ...iiiiiiieiirriinenrerscnensoscsscnnans Ceeeeiiareaens .o j_{AD]| D] LD
3.5.7 Search Target Extraction ............ Crseeeieiiirienans Ciesennarrenaes iIc 1 T 71 | I
3.5.8 Strobe ProcesSing veveceeeesoresssoassnnsssssosaassasanannnssrsnnssnns €1 AT] T] ] !
3.5.9 Beacon Target Processor .uuvivieviiieessasenssscssssacnsnnrasnnsnnsnss |1 | | !
3.5.9.1 Initial FUNCETONS tuvvunrnensnnrenssansansanesnsencnescnscnnconces ceree || | | |
3.5.9.1.1 Target Processing eoceveecrreecreresccnnocenneens Ceereraaestaesenns o T T | b
3.5.9.1.2 Pulsewidth Discrimination ...eeeeeevieeeeennenenns Ceteieatrriiniannas |1 T} i |
3.5.9.1.3 Bracket Detection vuvvsrvssssrssroresnsereasreceasescossernansnnrnnnes |_S| DT] | |
3.5.9.1.4 Code Extraction ......evvvveneennn. e eeseiseeaeeitin i s 1. D} | |
3.5.9.1.5 Garble Sensing ..eveverenrnennneenss Ce i eresecisiies it raraaaas |1 DT] [_DT] |
3.5.9.1.6 BTP Timing «ovvevernvererenanacenns Ceeeetetessecttentrrt e rsannnnn [clioT| T{ T D]
3.5.9.1.7 Target Detection vuveeeriesoessrsnasscssssosnsesesssnsosssnnssnnnssnnnsss Ic_|_ Tl | 7]
3.5.9.1.8 Code Validation .....cevvvvvnennans Ceeeeseerasecseactnentaa sy rnnn IC | | | |
3.5.9.1.9 Code Transformation .u.usesvecsssrsseorsressssscsesasssessessnsassnass |C | { | |
3.5.9.1.10 Target Position Bias Correction ...uieeeceneerrreancscassnsnnnnnnnnnss |c | 1 | | |
3.5.9.1.11 Runlength Processing .uveeeeveceseeccesconseeconnss A L B 1| | | |
3.5.9.1.12 Strobe Processing tuveeeecrereeeneeeeseseeraseensessasesaassanasrsansns |cC_ | DT} ] [ |
3.5.9.1.13 Processing RAaNge ...veveeeesorseesssstesssnnssssssecnsnsasssnanssnsnns e 1 7] | ] |
3.5.9.1.14 Beacon OFfSet ..vuuerucrierierrerieeenerneesseanasecencansencsanrnnses € | | | | !
3.5.9.1.15 Special Military Replies ....eeiuiiiennsninsiscesnceasssnassnanssnnnsss i€ | | | | |
3.5.9.1.16 Target Message Content ......ccvieiiiiiienneenrannnnns cerians ceeneassan |CST T [ DT|
3.5.9.1.17 Mode Interlace SEqUENCE ..uvincierenacennecranseasenrentenrnasssnrnnss el T | | |
3.5.10 Beacon/Search Reinforcement FUnction ...eeveeeseeeeseenecnenrvaensoses J€ ] | 7] b} !
3.5.11 Scan to Scan Correlation ......cevevenn. Creenereresatiatintia i jIC1ATL T Tl
3.5.11.1 EditOr wuuvennsernssisisesneinsieranssennsensannans e o] . I l
3.5.12 Weather Data Subsystem ........ccvevevnennns Ceeaetesereritanes cereres |CIAD] D] D] D}
3.5.12.1 Antenna Polarization .......... Ceeiieesectareneaaas ceeenaranas cerrenes |1 b} | |
3.5.12.2 Weather Receiving Characteristics ...ovvevvvninnenens cevessesernsnasnss || AD | .01 |
3.5.12.2.1 Radar Remote Weather Display System {RRWDS) Output ..... ceveesnseenses |1 DT D] D !
3.5.12.3 Weather Processor .uuveisisseessssiarnosssosessssasasnssasnsonss vesenen €1 DT} D] D] DY
3.5.12.3.1 WP Ground Clutter SUPPressSion ....eeesssesesscssrcsenssnnssannrssnnssn I€ 1 ATl D] | D |
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Paragraph No.  Title |CS{PH 1|PH 2|PH 3|PH 4|
3.5.12.3.2 Weather Averaging and Thresholding .....ceeeveanennns Cierssseannee veves |1 AD] D | | D
3.5.12.3.3 Weather Data Reporting ........ Cerresetasanaas cerreniinraas veresensaes |C 1 { ] |
3.5.12.3.3.1 Weather Range Discrimination .......ceceevievenrnaens Ceerasaararanes el | | ]
3.5.12.3.3.2 Weather Contouring Range «.ceeeeenrannss Cressesenanaes cresssnarseens A [ | ] | |
3.5.12.3.3.3 Weather Processor Qutput ...... cecesensrrranes ceressssssnuane veeessess 1 T] | D]
3.5.13 Qutput Interface Message Formatting «.ceevevenann.. teeeresennnunes .oo |_SJI DT| | D]
3.5.13.1 Radar to SOCC Digital Radar Messages ........... Ceeserssarieeens ceeens S| T1 | D |
3.5.13.1.1 S0CC to Radar Request Messages ...... Ceevesesnanirans Cheerasssraaaes . |_Si ] | |
3.5.13.1.2 Military Message OQutput Buffer and Modem Control ............. U [ Y I | | |
3.5.13.2 FAA Message FOTMAts .o.ueevenvasrnrassnsossssonsanarrocsacnesasaacencs |CS] L o T
3.5.13.2.1 FAA Output Buffer and Modem Control .....c.ccvevnenes tessnannenes ceees €SI T] | { |
3.5.13.3 Not Used +eveerrieninnnnneacnaes ceseinriaas Cereaeraecenaaes tereeraeane |1 ! | |
3.5.13.4 Future Requirements ....eoeevenvesanas cresrenaraunes cresersansenaans eee |1 | | |
3.5.13.4.1 Additional Memory and Processing Capacity ..oecevieiarinnenannens veens |1 WD | I
3.5.13.4.2 Future Message Contents ......ovenennsen Geereacanranraas Ceeiierieraaas jc | b1| | _DT]
3.5.13.4.3 Qutput Formats ....... teessrsanenas cresecenasaanneas Ceeereneninnaas (! | | |
3.5.13.4.4 Future Configuration ......... tearrasesreeanans Cereeranaennans cecesses |1 D] | |
3.5.13.5 Time of Year Clock ....vv..s. Crrrenseaeenens Creersesesacnnees cieeeeene |1 DTIT | |
3.5.13.5.1 Time of Year Clock Buffered Outputs ......cocenvnenennes ceereeannaansns [CS| D | | |
3.5.14 Not used ...ouennn.. Crerereierseneas Ceeesteraratareseerresaanancuses | { | !
3.5.15 Remote Monitor Subsystem (RMS) ........ Cerererinaens Crecesrinenees ceee 1 D | |
3.5.15.1 Monitor and Alarm ...vevvennennnsss Cereecannnannans Cerararraranens «eo. |CS] DT] T | T
3.5.15.1.1 Operational Failure Alarms ........... Cereireeeaen ceersstanrannas caees |_SI | | i
3.5.15.1.2 Pre-Alarms .....ceieesravacaeanss Cerissaranenees Cesereetanarasens ceenes |81 | | |
3.5.15.2 Remote Control .......... Cereresiesarieearesenns ceraeneeae Cecesenaeans |81 | | |
3.5.15.3 Performance Certification ........cues hraseesesanaaas Chererenenanan .o 8] | | {
3.5.15.4 Diagnostics .....evenn Ceveesaraenas Cerresseiiraenes Creeesareanaraes .. |8l ol D | 0|
3.5.15.5 Remote Adjustments and Selection ...coveveevnrnansns N lcs] D D | D}
3.5.15.6 Not Used ..uveennen. teseesasarianens Cereesarirannas Ceresasisrieaeans v ] | | |
3.5.15.7 RMM Interfaces ....veevecracens Crrereenaeanees Ceeerecinriaraas R I N ! | |
3.5.15.7.1 Interface Control Document (ICD} ........... Ceeeetsencesenens cresesaen | S|T 7| | |
3.5.15.7.1.1 Portable Terminal MeSSAges seeesessenesscssssssssssseesenssenssseseens | S| D | D | [ D |
3.5.15.7.2 Interface Definition ..... Cerresernranraen R | | |
3.5.15.8 Radar Remote Monitoring Subsystem (RMS) .......ceevecennnen. ceretenens |s| p{ D | D}
3.5.15.8.1 RMS Processor .e..ecesseecess Ceeeaeareraasetieeraraarraeas cerisenaan |_SI1D | | |
3.5.15.8.2 On/0ff-Tine Monitoring and Diagnostics «eeeeaernnnen. Cerssesarereraans |_S|IADT| DT] | DT}
3.5.15.8.3 Search Test Target Generator (STTG) .eevevcncens Ceseeaserrrananas evee || ADT] DT| OT| DI|
3.5.15.8.3.1 TArget TYPES +ovtenrrensvssnoscsssnesnecsoserssassaaannarssassscassass | | TP ot} 1] D]
3.5.15.8.3.2 Real Time Quality Control (RTQC) Targets ....ccecevecenesns veeseereses- J€] DT D] D] D
3.5.15.8.3.3 Strobe and Ring Targets .ovvivevesianaciscesnceares eeeenssseennennees |1 DTl D] DT| D |
3.5.15.8.3.4 Weather Targets .....ceeevecnnnsnnnas T [C | o1 OT{ DT| OT|
3.5.15.8.3.5 RE & IF Performance Monitoring Targets ...eevesssescssseccsssesssannss | S T] DOT] OT] DT|
3.5.15.8.3.6 Constant False Alarm Rate (CFAR) Test ..oovvvincrinnnnns teeerenasranes 1 Tl T T D]
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Paragraph No.  Title |CS|PH 1[PH 2|PH 3|PH 4|
3.5.15.8.4 Beacon Test Target Generator ....ceeeeeevecveceans R I B 1 | |
3.5.15.8.4.1 Beacon RTQC Target ....viverereccenacsnnseenessenasssasssnns ceseseans [C | DT| | _DT|
3.5.15.8.4.2 Beacon Operational Test Targets ....... teeeecerrttiitantanstacninrras [_S] DT| | D
3.5.15.8.4.3 BTP Diagnostic Test seevrrereeecierincnnnnncnncannns cerranas crrsasaes [__] AD | { | [
3.5.15.8.5 Data Count Monitor ........ cerreiaaaes Ceeresennsanrraasananee R [ | i [
3.5.15.8.6 Firmware Requirements ....cveeeeiencennceocneanns P Crereeananee {CS|T DT{ OT| D | DT|
3.5.15.8.7 Built-In Test Equipment (BITE) ...eeceeo. e ttetteieaareaeeaaenes v { ! | |
3.5.15.8.8 Report Mode ..vveevirsvnnnnssscnenenenecncnsscannans cetetinnnns cenees ]_s] T} DT] LD
3.5.15.8.8.1 Alarm Reporting ...eeveeeceneens ettt tretaetrae e eees |CS] ! |
3.5.15.8.8.1.1  Automatic Fault Alarm Reset ....eviiiiviecnennrecanans N creeians [€s] | { |
3.5.15.8.8.2 Remote Monitor Subsystem (RMS) Status Reporting ....cceeevvvecennen oo 1.S1 | { !
3.5.15.8.9 Remote Maintenance Monitoring {RMM) Diagnostics .......... ceevnesness |_S| ADTY | |
3.5.16 Local Display Console (LDC) veuevererennseenneecenens ceenrenn Ceeriaes |1 | | ] |
3.5.16.1 Plan Position Indicator (PP1)/Random Access PPI (RAPPI) ............. 1 01 D | D}
3.5.16.2 Console Requirements .uuvuessssevssnnsnossnsensonsacsececasanssnnancs [_ 11 BT{1 D |IDTIID |
3.5.16.3 Range Selection ........ et eeessasaeneierrrareasees P U N | 1§ |
3.5.16.3.1 Range Selection Offsetting .............. Cereerees Cressesssenenacenen 1 Tl | Tl
3.5.16.4 Off-Centering «.vvevevieerninnes Ceeereeaes e ierresenresrieaeeaeas eee 1 T] | 7]
3.5.16.5 Electronic CUrsor «..eveveess rreanesrsenes P oo ] DT} DV} DT} D |
3.5.16.6 Range Strobe ..... e veevsvesses |1 DT} D} D
3.5.16.7 Range Marks ...... . beaeranes Cereerenas |4 D1 | b1
3.5.16.8 Video INPUES tuvvnevncrnnrnnncesnones o betareesenssansansastatnneans |1 D}l D} D]
3.5.16.9 Writing Shelf ............. e e irresesiaeraeresaerars B I | |
3.5.16.10 Compass ROSE seusevarinrsnrinrnnnsnnsaans Ceeeeeeenes Ceeiarearearennan [ 11D | 11D |
3.5.16.11 IMpT0sion ShieTd vuuvueeereeeeenresnsrnnensosrnsnseasesenssncaoansss e |_1ID| | |
3.5.16.12 Physical Design ......... Cereeeenttrasar e rrasane, Ceersseeans eese | 11D ] | |
3.5.16.13 Readout Tnhibit ..uvieiiiiiieiiriiiniiiinnnns cereeases Ceereesraeaen [_ 1 D] | |

- 3.5.16.14 Antenna Position INdicator ...veeveeseienariineinioncnsecanseeneanens [_1 D | [ DI
3.5.16.15 RAPPI Symbols .evveverennnns tessesssensencanrnnnrarrarean seererennae [ I DT} DIIOT| D]
3.5.16.16 RAPPI Refresh ...... P eees J_ 1 DT D] DY D}
3.5.16.17 Printer siiereeeeiienneneeennreraianennnes creienanennn tessaresaraann |_{IADT| D IID{ D |
3.5.16.18 Data Entry Devices ...cuuciievinnenns Ceerenrienaans Chrrarieeseneanens |1 AD | L1 |
3.5.16.19 LDC Self-Test conevnnreininnnnnn, O |1 o1 Dl D] D|
3.5.16.20 PPI Display Self-Test .ueevveerveneennnenns e e |_L DI| D] DT| D |
3.5.16.21 Tabular Display and Data Entry Device Test ...covevvnnnn Cererasraes ol Dl D]l D] DY
3.5.17 » ARSR-4 /ATCBI-5 Interface Requirements .....cccceeviviiiiiinans S I ) S N {
3.5.17.1 Input Video vevverreninnenneinnsenreiorecenoess e, Ceeieenes |1 ! | | |
3.5.17.2 Beacon Mode Pair Triggers .e.eeev.. Ceeasanens Cereseterrernereanrrenne | D | |
3.5.17.2.1 Mode 4 Requirements ..veeeecernsaeens ceeeeeees e | | | |
3.5.17.3 ATCBI Beacon Trigger Requirements .......ccievvenieennne crerrtaarians b 1 o] bl
3.5.17.3.1 ATCBI Beacon Trigger Characteristics ...... Cereerseacanene Cenesnaaans 1 I 11 bl T
3.5.18 ARSR-4/Mode S Interface Requirements ...vveeveeeevoevanannss B | | | |
3.5.18.1 ARSR-4 Signal Target Extraction Function To Mode S ....ivivveinvennne |_SI1 T{ | |
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TABLE 4-1, QUALITY VERIFICATION MATRIX (Continued)

Title |CSIPH 1(PH 2{PH 3|PH 4]
ARSR-4/Mode S Communications Interface Characteristics ............... [ 7] | |
ARSR-4/Mode S Link Control Level ..........cvuns cheneas Crreecaeeeiaeess 1 | | | |
Procedures coceviesnrsasacnnnsasenee Ceeeseeeestreasanaranenns R [ | i |
Information Field .............. Coereceatosrsennsnanrranany P [ I [ | |
Control Functions ......... Ceetterestesatseestestatttatanennnrnnranaas 1A | ! i |
Message Level .ivvirireierinrnnncacennrnnens Ceetersescntanitiatantens oo | | |
COE SEt vienvennrnnraarenrenrennes Cereeeerereeareenas Ceeeirereaenaen Ic | ! | | |
Message Format eoceievicnnnnnnnnannnsns ceenas Crseiteesatetaatiaraenens IC | | | |
Target Report ...cveevvnnnn R Cieresessereeraeeees Cevessrresscacas €] | | |
Status and Alarm Report ...ceevvvrnneeene tesvetteeserseesesereriarnnan |C | | | |
Mode S Reinforcement Function to the ARSR-4 Editing Function Interface |_ | | | | |
Physical Control Level .uiveeieernsnrnvrveranannnanes R | | |
Communication Links ....... Ceeetitencentaaaeas N T I 1 LTl |
Communication Interface Characteristics ....... Creseesstcesatenranenss 1 7] | i
Link Control Level .uceveeveseenennnrnnernnens ceseres Chrearerrsaenaees || | | |
Procedures voveiseeecererasecnnnnsnacansas Chrrersessessanrantiasenaens |C | | | |
Information Field vuveevesrosrneeeerecessarinransonseasensannaccacassns [C | | | |
Control Functions ........ Ceeeeees Ceearaserrarneiisrenas cresseresaies 1 | | |
Message Level ..iiiverennnronnnsnnnnsnasencnnns e Certesesenanaes |1 | | | !
Code Set weiinneivnnrrnnservoneonns ceeeas N evees || | | | |
Message Format .............. ereeneeeesttee s e aarenes R | | |
Data Switch Requirements ...... Cereeetiasaeeeaiianaas Cereans Ceeneneens [CSI D | | i |
Mode 4 Data Switch Requirements ............ceeen Ceecirriarsaeiirrinns |1 | | |
Mark XV Requirements ....eeeeecevvevacnnsns Crereeaes Cerereeiarraanaes || | D] |

- Staggered Mode S Beacon Trigger ......... Cerereriatenienriaaes cereaes [ N | D |
Radar Remote Weather Display System (RRWDS) Interface ............ vese J_JI T} | |
Weather Log Video «..cvvveurrnsesnnnsnenacccnnces Creresereesentananenas 1 7] | |
Dy = -3 o P || 7] | | |
Azimuth Reference Pulse (ARP)/Azimuth Change Pulse (ACP) ........ ceeee [ T 71 | |
Status Signal .iuveieeerievrvarirnarnenssnss ceraeas Ceteseriararanaean, || | l |
Optional Video Interfaces ....uieesvrnssieessasoennsasecassnss covenene || | ! |
Mode 4 Interface .ouveerivncniieinrnnrnarsnrensencsncacsones Cieeenaees [ DT} | |
Mode 4 Peculiar External Interface Equipment ....ccveeevieecvnnnccanss |1 ! ] 1 |
Mode 4 Performance Requirements .........cuueess Ceesissestessesenaenns |1 T4 bl | |
Mode 4 Requirements ....... ceeecnens Ceeeetieranar e veeressss J_ 1 T| DT} | D |
Code Validation ...... e N T I I | DI
Mode 4 Azimuth ResoTUtion ...ciieeieeiniineiaraarnnrrosenassnraancnnss |t Tl 0] T DJ
Mode 4 Detailed Performance and Design Requirements ...... cesevesenese |1 DT} D | DT] D}
Mode 4 Enabling ........ Cereeieraterirreeeans cerereanas ceraeerrarans {_S| DT DT| | DT|
Enabling Functions at the SOCC .......... Ceeeerieisiete i ceraeas {st bf Dl D} D|
EnabTing the Mode 4 at the ARSR-4 Site ..ivviecieivrianivnrinrsnernass |.S] Dj D | D
Sector Operation of Mode 4 ...vevevsrrennserornvnsssenennsrenesenenens [ S| D | D | | |
Mode 4 Sector Enabling ..vvvvevevannennnenen ciereaes Ceesereeenernrenas S| DT| DT| | 7]
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TABLE 4-1, QUALITY VERIFICATION MATRIX (continued)

Paragraph No. Title |CS|PH 1[PH 2|PH 3|PH 4|
3.5.20.3.1.3.2 Mode 4 Provisions for Operational Regulations ....... eeveesasesseansss (€S D D |

3.5.20.3.1.4 Enabling Mode 4 Mode 2, 3/A, and C ...ocuuenss et reesieeeeneearearaaes |_1Ap] D | |
3.5.20.3.1.4.1 Synchronization ...c.eivieeiiincanannnns Ceenensrereseseeens R A I B N B | DT
3.5.20.3.1.8.2  PRE vererenennrnnenreasaseerareasassnenransananne Cerereenseacresraranas L T 1] | |
3.5.20.3.1.4.3 Mode 4 Pretrigger Jitter .......vvneen. Cereesens ferseaessscessinsannan 1 D] D] |

3.5.20.3.1.4.4 ATCRBS SIF Interrogation ......... et er et e e er e araieeaes 1 1 | I |
3.5.20.3.1.4.5 Not Used +uuenrerniinennnniiiernmnsnnrnnnnansssnnnnss Cereeeeans R | 1 | |

3.5.20.3.1.8.6 NOt USEA urreunrneeunsensensanneensanenssoassanronseossnsancsnnsenes | | | l |
3.5.20.3.1.4.7 Mode 4 Challenge Signal ...cceveiveannnnnnss Ceseseesssressecnarncenrnsnese |1 _DT| DT] | DT|
3.5.20.3.1.4.8 Mode 4 Integrated Sidelobe Suppression (ISLS) ..vveevvvevennnns O I I | T
3.5.20.3.1.4.9 Mode 4 Gain Time Control (GTC) Trigger .......c..... Cereereene R I I LT
3.5.20.3.1.4.10 Mode 4 Video Suppression Gate .....vvvevvivennnnn Ceavesenseneasianenas | I R | T}
3.5.20.3.1.4.11 Noise Jitter PRF L.viiiiiieneieeatinnnrnansasesceeranesssonneons R I I N | __T]
3.5.20.3.1.4.12 Internal Trigger .oceeeeereecrnnucsvenssnnnssnns Preerieeres ceveeessase J_1 D] D] D]

3.5.20.3.1.4.13 Mode 4 Pretrigger ....c.eavnnnn. Cettitihreceneaitetetisieeanaetrannanns I N I |

3.5.20.3.1.4.14 Super Mode Pretrigger Signal iviivetessssssescnssecsoacnsnnciasannans | 71 7] [ Tj
3.5.20.3.1.4.15 Readout Delay ......... et ee et tieet et sesetanriaare e reenn P T N I 1 [ T
3.5.20.3.1.4.16 Mode 4 Mode Switch .uuuririiiiiinreiissiiinnnesecesecsesnonnnne ceveess L DT DT D] T
3.5.20.3.1.5 Mode 4 Loop Test and Self Tests ..vieinricnireeirareeceenenransns eeo |1 DT] DT{ D} DT
3.5.20.3.2 Mode 4 Processing Requirements .....cvvevissneennsss ereveseesonseneess |CS| DT| DT} [_DT|
3.5.20.3.2.1 Mode 4 Processor FUNCtions ......vveesensennnss Peeaeriaseeneee cevesees | S D] D] DI DY
3.5.20.3.2.1.1 Isolate Mode 4 Qutput ....covvvvnenrnn. et rerseenacteneecactaaananans [_1 OT| D] DT} D |
3.5.20.3.2.1.2 Mode 4 Designator vuoeveeessesersansssssnrsnncrcnacescescsossennsse ceser |1 Tl D] D] |
3.5.20.3.2.1.3 Mode 4 Synchronizer .....eevvieriiiierennscansssnoassnns Creeseiasaaeanns |_S| D | | |

3.5.20.3.2.1.3. 1 NOL USEA +rurnnerenneeunesnaeennnasenieecssssssssnasesnseencsenssnnnne |1 | | | |
3.5.20.3.2.1.3.2 N0t Used «.uriiiiiiiiiii i iiretcieessesasransssccessnssocscacsnnes 1 | | | |
3.5.20.3.2.1.3.3Not Used v.vvrvenrrineencnnnannnns Ceetsatietentiasensatataeatrrraanans |1 | [ |

3.5.20.3.2.1.3.4Not Used sovivriiiiinereeseanesceceenacsnsranstnsnssnsoncssns ceeeraseae |1 | | | |
3.5.20.3.2.2 Mode 4 Evaluation ............. Ceeereceerennens Chetrescenestsreenanas {CSIT 1] D | | |
3.5.20.3.2.2.1 Mode 4 Friend Level Decision ....ouvnnn. Cerettirerrsrasensesaianne e j€ 1 T D D]
3.5.20.3.2.2.2 Mode 4 Thresholding .o.eeeeieriereneeraeenenansarssnrnnracsansanssssns o | | { |
3.5.20.3.2.3 KIR-1B/KIR-1C FUNCETONS «auueaaneaennnsnnnrennrennnreansesasssasssnns N | | { |
3.5.20.3.2.4 Interface Equipment FUNCEiON vuvicverieieiiviiiieenrnenssnseess voveen | i | [

3.5.20.3.2.4.1 General ...eveencecnsinninnnns Cereiererern e O T I | [ I
3.5.20.3.2.4.2 Detailed Requirements ............. e AT 1 s i | DT|
3.5.20.4 Mode 4 Interface Function .....ceveeivivenenenacns Cerireaes cevsvossess |1 T] DT | DT
3.5.20.4.1 Interface Block Diagrams ...eeevossssssrsrssasarsassssnsasvovsveneeses | S| DT} D | LD}
3.5.20.5 Physical Location of Mode 4 Subassemblies ..c.vvvvvanvnn. cevesoveesese |_JIDJID| |10}
3.5.20.6 Mark XII Operating CONErolS tuuieeceesensesssnsnessassnassossascnsenss j_{IDJ1 1 qr
3.5.20.7 Equipment and Cabling CONNECLONS t.iuuiieeersanrnnmnrnnmrrnncarasnsenes T | | |

3.5.21 Remote Maintenance Monitoring (RMS) Interface ........... A N I | ! |
3.5.22 Modem Interface Requirements .....eveveusssusssecesesnsnsnsnansnnsnsss |1 T] l | !
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TABLE 4-1, QUALITY VERIFICATION MATRIX (Continued)

Paragraph No.  Title {CSIPH 1{PH 2{PH 3{PH 4|
3.5.23 Not Used ......... Ceresaiiesraeaa, e reeeesiaaasrrar e ceren |1 { { | l
3.5.24 Automatic Refraction Correction for Radar Height Processing .......... |CS| DT{ D} T/ J
3.5.24.1 Weather Station ......veevvenrennens Cereeeeaaan et trereeraeeaenaaes ics|_ D b l J
3.5.25 Data Extraction Subsystem .......ceevvevnnen cerreenanns tereasessanaens €S| DT} | |
3.5.25.1 Data Categories ........ e vesess |CSIT T 7] | T
3.5.25.2 Data Reduction .ieeevesssiurvsnecerecocnans Mressccesttienraanseaanenas 1€ | | | | |
3.5.25.2.1 Quick-Look Data Processing .cveeceveecrveeseveeocnnss crnreenarsannas . e | | ] |
3.5.25.2.2 Extended Data Processing vevesecrsecsenncenerevoesensasasns Ceraaeeees . JC ] | | | |
3.5.25.3 Extraction Equipment .......ccennens e eeeaeseesestrtenttatantiarrannnn ICS] _DTII D | (10|
3.5.26 ARSR=4 SEAFE-UP veuvuneuennensuecnesnsaseacasensonsnasnsnassssssnsns e | | | I |
3.5.26.1 Definition and Purpose ......cciciievnnenes Cretieeeneeaaanns Ceieraeeaes [ 1 Dl Dl D} D
3.5.26.2 Initialization of System ......vvvvevenns veeeens Ceeeesestecennacanenns [ A 1 O
3.5.26.3 System Recovery ....cveeeenssen eeeeeteccteatotas sttt e 1 7l | |
3.5.26.4 Computer Software Loading cveeeecsesssesseseassonnerenrenssncaneenns A T | | |
3.5.27 Site Operational Software ....eceeeiveevecenccnenns Ceetteceesecnnineas IC | | D1 | |
3.5.27.1 ARSR-4 Site/Field Adjustable Parameters ........coeveesn Ceereaeiaeieas lcst b D] { !
3.6 Primary Power Requirements ...uveeveeeeeiesnsennensenreacacnannsanranss 1 61 D] [ D
3.6.1 Prevention of Date Loss ........... e rereetateta et aaas [_| DT| D | | D |
3.6.1.1 Power Variations ....ceveveiseeesnesssssasiosscasssnnenrssessnsaecans o1 D} | |
3.6.1.2 Transient Protection ....... et eeeneaeaeeestrenenentrsrarereserarares j_ 1 | | |
3.6.1.3 Power CONSUMPLION wuesseessesssssssenseacnnsensosscassasanscnnces ceens 1 | | |
3.6.1.4 Input AC Line Controls ..uiesuivisseresonrerssseensasevensaesnss ceveens |41 D] | | |
3.7 Data Processor Architecture ............. Ceerereseecariaaanns cereanaas 11 T} | | !
3.8 Physical and Electrical Characteristics .c.veveveneiieeinniannrnnnnnss | | | |
3.8.1 Packaging and Construction ..usvseeeeeresercnncceenreansescssaccanens R R | | |
3.8.1.1 Use of EXisting TOWEPS vuvueussesnssnssssssosasosearnressssssennnss eee 1 | | | !
3.8.1.2 Modules ........... Cerieraraeiaraeens et et ieaetieea st |11 | | i |
3.8.1.2.1 Modular Concept ........ Cerieeeieraeasaes e eaeaeietirrreasiaseenae |11 | | |
3.8.1.2.2 PTUG-TN LRUS 4eeuusernneennarsnneernnseennenneerosesnnsennnes OO T & S T T
3.8.1.2.2.1 LRU Removal and Insertion Damage ............ Ceehetasieassaraenrannan [T | | | !
3.8.1.2.2.2 Induced Transients .....ccceevinieinsncnnnns e ietieaaiieseteeneees [ D | | |
3.8.1.2.3 LRU Card EXtenders «.cveeeruieesrnsesssansensssacnnsosanas B [T {1 | |1
3.8.1.2.4 MOUNTING veveennerenrerarararornrnrnrnrarncaecscseacacasasanes B N | | !
3.8.1.2.5 CONNECtOrS tervuenrecreenrernntneensassarnssnons Cerreerenenenas ceereess | ]I D] ! |
3.8.1.2.6 Interlocks woververirncvirienecennns Chrerseiseasesesenanaes P I I | ! |
3.8.1.3 Design and Construction cecervaiervariersserenseroisnsasnnes R I I | { |
3.8.1.3.1 Corrosion Control ....... e s e e sttt et eenanancarantsesaneseceenennnnans [T | { |
3.8.1.3.2 Materials and Finishes ..... Ceteeaientiasisiteccentaneara et areearaes [ | | |
3.8.1.3.3 Equipment Surface Painting ueeevsssssernsesnerascencanraocsasencanenes A D | i |
3.8.1.4 Cabinet Design ....ccvveveniannen. e tesrresasssassiseaecnasineannennan [ 11D ] l | |
3.8.1.4.1 Overheat Warning Devices .ovveeeersrnrnrninssroensvroesencnsnsnsnns eee |_1ID | | i
3.8.1.4.2 Cabinet ITTumination ....ceeeverieinrieinrirnaneensensns B [ l
3.8.1.4.3 Front Panel Connectors and Cables ...vussssssseenssssesancecansacenses | |1 | | !
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Paragraph No.  Title [CS|PH 1[PH 2|PH 3[PH 4]
3.8.1.4.4 Shorting Rods ..oveeeeeiaviernnnnnns Certiecessasaetsataaranraaearoenes {101 | [
3.8.1.4.,5 Large Units ouivieeoesncnrsntencenssssonssnrencnncansansnnnes R | | |
3.8.1.4.6 Indicator Lights vuevevevercrcorcicicemececsesencacanns S I | [ !
3.8.1.5 Ventilation, Heating, and Cooling Equipment ........... Ceerritarenans 11 1 | |
3.8.1.5.1 Ventilation BIOWErS ..ceeiierisssecsensesascancsnncncenscnasss S N B S | ]
3.8.1.5.2 Alr FITters viviveeeeeececccnennnanss teersseeees Cesessssseiennraannann [ | |
3.8.1.6 NOL USEA 4euerianreeenaansoeensenensnnsassesnseassscsssssnsnns ceeeeeee | | | I
3.8.1.7 Safety -vvvviiiiiiirerarereraininins Ceearreserenes Ceressenerirerirneas |1 AD | | |
3.8.1.7.1 Electromagnetic Radiation (EMR) ...... Cteeesesiieennsansannentrannenan |1 ] |
3.8.1.8 Human Performance/Human Engineering ..veveeeesevecnnensnraenneneoanas 1A ] | |
3.8.1.8.1 Access for Maintenance c.ueiieeisrinsenctiecneeeriecnecarronnanas vees || D |
3.8.1.9 Workmanship ..oveeevnniiiiiiiiiiiiiieenenn, Ceeerreiereaaaes B A ) { ]
3.8.1.10 Interchangeability v.vevuvnrirnirienenennsenss Cetieeesarieranas R I | S | |
3.8.1.11 Nameplates and Product Marking ....... Cresreraresaane T T B O ]
3.8.1.12 Test POints vucvviiiviiiiianssrnsnssnnnss crerereeaoe Cresesestsearnanns 41 1 |
3.8.1.13 Wire Identification ....vvvviieiireernnssnonss e ereererccansanarranns |41 1 { |
3.8.1.14 Printed Circuit Cards ....... Cetetieesseneasteertcestetetatnttanenrnns |41 |
3.8.1.14.1 Circuit Card Assemblies ....vivvennnennns Chetetestesentetetentasrannenn |__{1AD | |
3.8.1.14.2 Unit Mounting ...vvuvnnnnnnnnn cerens Creeressacetetatintiarenranrannas R . [
3.8.1.14.3 Circuit Card Assembly Modification suvevierieriirinrveeenieneanenns ees T | |
3.8.1.14.4 Printed Circuit Card Baseboard ......ccvvevivvvneennn. Ceeedsiaaaaennas (11 ] |
3.8.1.14.5 Solderless Wrapped Electrical Connectors .oviivieeirenncnecernnnnnnness [T ] |
3.8.1.14.6 Printed Circuit Card Connectors .......icviviiviaennnnnns B I 0 . ! |
3.8.1.14.7 Circuit Card Assembly Test Points ..... ceerireaeenaas Ceeenriirianannas 1 { | |
3.8.1.15 COMETOTS teueeuneensrnreusensennensensseneeaneonseareanrossonssosssnns f_ 11D ] | |
3.8.1.15.1 Location of Controls c..vicviineiiinrrnnevennnsssns DN T | |
3.8.1.16 Unit Requirements uvevevesssssesnsrssnsssassesosssassosasrnsssonsvane 1 | I
3.8.1.16.1 SemiCONAUCEONS eusursnrsernnsnnnsassassensenssoenacascaneenns cesesass | {IA T} f |
3.8.1.16.1.1 Semiconductor Terminal Identification .....cvevivieiniiiiiiiiennnnnnes 11 | |
3.8.1.16.2 Microcircuits cvveviiiiireiiiiniionisrnnsensess freeheerrerasecans cesee |1 ] |
3.8.1.16.2.1 Integrated Circuits c.ooviviiininan., feeseatieetierasenaenseitiananns 1A | |
3.8.1.16.2.2 Sockets for Microelectronic Devices .vveivvenesreccenennseroroecncenss I | J
3.8.1.16.3 Critical Parts .coicieececrrriencnnanss Brassssssssssseeennssrensannans |1 | ]
3.8.1.16.4 Nonaxial-Leaded Parts ......vvvevns P I |
3.8.1.16.5 RETAYS waennerecasecnaemnnsenssanasreaassasssusasesssssnnns R R b I |
3.8.1.16.6 Transformers couevevieeerevnuenronsarsnss A I & |
3.8.1.16.6.1 Transformers, Inductors, and Coils cvvciiuvevrvnsonroorconsosonconans | JT | |
3.8.1.16.7 TR 11| | |
3.8.1.16.8 Electrical Filters ...iiieiiiiiiiiiieniinniernacsncrassnacascnaconnans |41 1 |
3.8.1.16.9 Ferrous Materials ...cevivevriniirsnnnnsnnncasnssns Crresersecireanneene |1 ] | |
3.8.2 Electrical RequiremMents cuvveeeerressrssasasnsssscnssassssonsonssannes |1 | |
3.8.2.1 Transient Protection ...eeveiiiiiiiiiiniiivinenereneneecnsnnes R I |
3.8.2.1.1 SUPGe Protection .uveveeeeererarnrarntararsssrsesereresnenenencns RO I ) |
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TABLE 4-1, QUALITY VERIFICATION MATRIX (Continued)

Paragraph No. Title |CSIPH 1]PH 2{PH 3{PH 4|
3.8.2.2 Ripple Voltage v.eeevenceesns ettt tetereraere e aaeeaeiaaaans R I | I
3.8.2.3 System Grounding Requirements ....oceviieennvessns Cecesesccssananninnn | 1L 1 ] |
3.8.2.3.1 Grounding Practices .....cocvevivinencnss Ceesseeseescasasesnnnnennanaas [T 11 | [1
3.8.2.3.2 System Grounding ............ P cereenees R T B G | I
3.8.2.4 Power Supply Protection ......cvvecveiannns. reesens teeasessrecearanans 1 7 | !
3.8.2.4.1 Load Protection ...oveeenveneinnens feseerinniaeeeerireneenaes ceeeenae eo |1 7] | |
3.8.2.4.2 Reguiation .uveevieeeeiinnianeceeannnennss Cetearrsseriseacnnsinananaes [ 11 7] | |
3.8.2.4.3 Power Supply Indicators ...... cecesnenn e [__|1 DT] i ]
3.8.2.4.4 Power Supply Metering ........ Ceesentenranarrriseanenene P I | O 1 | |
3.8.2.5 Electromagnetic Interference and Susceptibility ......... cerreressiaes [ 1 7] | | |
3.8.2.6 Flectrostatic Sensitive Parts ..eeeeeeeeeesnennnnccccarccossssssnnss vee j 1 | | | |
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NOTE 1:

NOTE 2:

NOTE 3:

NOTE 4:

General Notes to Table 4-1

The contractor shall perform such additional inspections, analyses,
demonstrations, and tests as necessary to verify full compliance of
the ARSR-4 system with the specification requirements herein.

Where multiple requirements are contained in a single paragraph or
subparagraph, verification of all the individual requirements within
that paragraph or subparagraph shall be required.

The contractor shall substitute "Test" for "Demonstration" if
required to verify specification compliance, Any other changes to
the verification method specified in Table 4-1 shall require
Government approval.

Definitions:

C = Computer Software Configuration Item (CSCI)
Formal Qualification Test (FQT)

S = Software Performance Qualification Test (SPQT)
PH 1 = Phase I, In Plant QT&E

PH 2 = Phase II, On-Site QT&E

Phase I1I, In-Plant PAT&E

Phase IV, On-Site PAT&E

I = Inspection

A = Acceptance

D = Demonstration

T = Test

ja-a-!
m o
»~ W
o
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APPENDIX A

RADAR CLUTTER MODEL

1.0 Scope - This clutter model is to be used for the simulation of a search
radar clutter environment. It will be used in the calculation of system
performance as defined in the specification and will be a criterion for the
evaluation of the proposed designs. The distributed clutter sources defined
in the model are terrain, sea, and weather. The point clutter or discrete
sources modeled represent manmade land structures, ships and buoys on the sea
surface, angels (birds and insects) and vehicles. The impact of anomalous
propagation on clutter statistics 1is also presented. The models are
applicable for L-Band (l.2 to l.4 Ghz.) systems having resolution cells with
at least one dimension (either downrange or crossrange) exceeding 500 feet,
areas exceeding 50,000 square feet, and volumes exceeding 26 million cubic
feet.

Three hypothetical sites form the foundation for applying the clutter
models. The Lowland site (Figure Al-a) contains the heavily vegetated lowland

terrain and sea environments. The radar antenna in the Low site is placed
at 350 feet above mean sea level (MSL) with the local terrain at a nominal
height of 100 feet MSL. Two High sites are defined. The first (Figure

Al-b) is located in the midst of wooded hills with peaks up to 5000 feet MSL
in elevation, mountain peaks exceeding 10,000 feet MSL and valley floors as
low as 1000 feet. The radar antenna height at this site is 3500 feet. The
second High site (Figure Al=-c) is located on the border between a mountain
and a lowland region and overlooks the sea. In this case, radar antenna is at
6500 MSL. Typical screening angles at these sites are less than 0.5 degrees.
The maximum screening angle in any random configuration of these sites is 3.0
degrees.

The models, present the physical locatiomns and intrinsic characteristics
of the scatterers. The values given in the following sections for distributed
and discrete land clutter, distributed sea clutter, and vehicles inherently
include local multipath and small-scale shadowing effects. For the ships and
buoys on the surface of the sea and the scatterers above the surface (birds
and weather as well as aircraft), multipath is not included in the given
values and must be accounted for separately. The forward scatter coefficients
and multipath formulas which are a function of wavelength, grazing angle, and
surface characteristics, are defined in Table All for the sea surfaces. The
received echoes will be obtained by the convolution of the modeled environment
with the waveforms and antenna patterns of the proposed radar. Contaminations
by the system instabilities and nonlinearities are not incorporated in the
models. A list of the symbols used in this model are given in Table Al2.

2.0 Definition of Clutter Model Parameters - All distributed clutter types are
modeled as a nonstationary process t1},{2),13),04),(9}),111},([12}). The
backscatter from resolution cells containing distributed clutter is
characterized by their reflectivity, also called effective normalized radar
cross section. For volume clutter, the reflectivity n, is defined as the
effective radar cross section (RCS) from that cell divided by the resolution
cell’s volume. For the case where the scatterers form a surface, the
reflectivity o is obtained by dividing the RCS by the projected area of the
resolution cell’s volume on the scattering surface. In this model, both n
and 0% have similar intrinsic statistical properties. To introduce these
properties, the following discussion will use a genmeralized reflectivity term
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Z to represent the instantaneous reflectivity given that the cell has a mean
reflectivity u. It is understood that z and u represent, respectively, n, and
Ty for volume clutter and o; and G; for areal clutter.

The mean reflectivity value of an elemental volume of distributed clutter
located at R; at time t; is a random variable w, = u (t,,R;) that can be
estimated by averaging the instantaneous reflectivity values =z(t,,w,,R ) for
m carrier frequencies uniformly distributed between 1.2 to l.4 Ghz.

| hem
u, (£, ,R) =5 > z(t, ,w,,R,)
hel
where w, represents carrier frequency h, and R; represents the location
(R ,6,:%. ). Since the scatterers at different locations R}, 1 =1,2,... can
be of various quantities or sizes, u, can take on a wide range of values
represented by a spatial amplitude density fvnction p, (u,). For a given
resolution cell, the mean reflectivity is given by u, where k denotes the
average number of samples of u, are contained within the cell.

For volume scatterers, such as rain which consists of very small
scatterers, u, is a function of the average scatterer density per unit volume
and the variations in the scatterer size where both factors are assumed to
vary slowly with R;. The correlation lengths D_, and D, define an elemental
volume and denote the respective intervals in the range or cross range and
altitude at which the reflectivity of an adjacent elemental volume assumes an
uncorrelated sample of u,. Within the elemental volumes, the mean values of
smaller volumes are correlated as given by d(4% ) (See Table A8). -Therefore,
every resolution cell with rain clutter will contain at least one sample of

u within its volume, i.e., k > 1.

For land, which 1is modeled as a surface scatterer (even though it
contains both surface and volume scatterers), u, is related to changes 1in
average density and size of the scatterers as well as the average surface
slope within an elemental volume. Since the resolution cells will have a
cross range dimension ranging from ever 500 feet at 5 mm. to over 18,000 feet
at 180 nm, a simple model is used for land clutter where Dy, the radius of
eircular elemental areas, reflects the correlation properties of the terrain’s
large scale roughness and small scale roughness is ignored. Like rain, the
mean values of smaller areas within an elemental area are correlated and k has
values equal to or exceeding one.

For the sea, which is modeled as a surface scatterer, u, is related to
the average surface slope within a resolution cell where the subscript k
denotes the average number of elemental areas within the resolution cell. The
waves of the sea are assumed to travel in the same direction as the
environmental wind and D,, the correlation length in the wup/down wind
directions, corresponds to the distance between "effective"” water wavelengths
W. For horizontal polarization, W 1is assumed to be the average water
wavelength of gravity waves. For vertical polarization, W is assumed to be a
much shorter length related to the average distance between smaller developing
waves and between regions of spray and foam. For simplicity, the dimension of
an elemental area in the cross wind direction D. is assumed to be the size of
the resolution cell. The smaller scale correlation properties which would
reflect the effects of the different slopes, or even shadows, between the
gravity waves are ignored, Therefore, k has values equal to or exceeding one.
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For resolution volumes with dimensions that are larger than one or more
of the correlation lengths, the mean reflectivity of the larger cell ug
represents the sum of the RCS from k elemental units (volumes, areas, or water
wavelengths) normalized by the sum of the units. In essence, this is a
noncoherent averaging process where the mean value in each resolution cell
represents an estimate of W, the expected value of u,
i o0

T, = Elug} = /o uy Pyluy) duy = / u, p, (u,) du
o

Adjacent cells represent uncorrelated samples of u, which has & density
function py(u,). The density function p,(u,) is centered around the same
expected value W , but is narrower and less skewed than p, (u, ). Thus, for
very large cells containing large k (for example, the volume occupied by the
uncompressed pulse length and antenna pattern at long range), p,(u,) can be
approximared by M, for all but the most skewed density functioms p, (u;).

The spatial arrangement of distributed clutter scatterers is uniformly
distributed within each resolution cell and random from cell to cell.
Therefore, the instantaneous reflectivity 2z of a resolution cell at location

R, with mean reflectivity wu, = u at time t; will vary around u when observed
with different carrier frequencies . This instantaneous reflectivity
z(w) = z(t, ,w,R;) is a random variable that has a frequency fluctuatiqﬁ
density function p(z(w)/ug=u). In this model, z(w) 1is proportional te K°
where X is a complex zero- mean Gaussian random variable. Therefore,
p(z(w)/u,=u) is exponential for all distributed clutter types. Uncorrelated
samples of z can be obtained by sampling at carrier frequency intervals equal
to the waveform bandwidth.

The scatterers can be either randomly moving, stationary, or a
combination of the two. If the cell of mean u, = u contains many randomly
moving scatterers where (1) the phase of each scatterer is varies randomly
over +/- 180 degrees and (2) the amplitude and phase received from scatterer i
is independent of the amplitude and phase received from any other scatterer j,
then z(t,w,,R;) is a random variable that follows a temporal fluctuation
density function p(z(t)/u,®u). 1In this case, p(z(t)/uy=u) will be of the same
form as p(z(w)/ug®u), i.e. exponential. Information on the rate of
fluctuation is contained in the spectral density function S(f) or
autocorrelation function R{¥). Uncorrelated samples can be obtained at time
intervals where R(T) is approximately zero.

If the cell at R; contains only distributed stationary scatters with
mean uy = u, the instantaneous value z(t,w,,R') from that cell when observed
using a single carrier frequency w, will be a single value sampled from 2z for
all time t. The class of moving scatterers that do not satisfy both
conditions (1) and (2) given above (i.e., tree trunks or buildings that slowly
sway less than one quarter of a carrier wavelength in the presence of wind)
represent an intermediate econdition or quasi-stationary case and, for the
purposes of this model, are represented as stationary scatterers. For terrain
clutter which has large stationary scatterers as well as moving scatterers,
the frequency and temporal fluctuation density functions p(z(w)/uy=u) and
p(z(t)/ug=u) generally have different forms. Furthermore, the relative
population of stationary and moving scatterers within a cell depends on the
wind speed and is described in this model by a DC-to-AC power ratio, n,

Terrain clutter scatterers do not move from one resolution cell
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to another and the number and size of scatterers within a cell remain
constant. In this case, u, (t(,R))=u (ty,R;) for all times t, and t,.
However, for moving clutter such as sea or weather, a group of scatterers can
move through a resolution cell in tens of seconds, causing the cell’s mean
value to change with time. In this case, the mean reflectivity of a cell
up(t) = u (c,R;) is a random variable that is also a function of time. The
instantaneous reflectivity =z(t) = z(t,w,,R;) of a cell at R, when observed
using a single carrier frequency w, will have the density fumction given by
equation (Ala).
o

(Ala) plz(c)) = //’ p(z(t)/uk(:)-u) p(u) du
[~}

When samples of z(t) are taken over a sufficiently short interval of time
between t, and t; such that u,(t) = ucl(t;) for all t between ¢, and ty, then
p(u) can be replaced by an impulse at wu,(t,) and plz(e)) = p(z(t)/uklt, D).
When samples of z(t) are taken over longer intervals of time such that the
mean reflectivity of the cell assumes two or more uncorrelated samples of uy,
then p(u) is equal to the p,(u,). Therefore, the appropriate form of plz(t))
depends on the interval of time over which the detection or other process is
being performed as well as the velocity and statistics of the clutter type and
the size of the resolution cell.

Some detection processes may use samples of reflectivity at different
locations R; requiring knowledge of 2z(R’) = z(t, ,w ,R;) which will have a
density function p(z(R;)) as given in equation (Alb).

-]
(Alb) p(z(R;)) = J/ p(z(R;)/uy(R;)=u) p(u) du
¢

When samples of z(R;) are taken over a sufficiently short interval of
distance between Rl and R2 such that u, (R;) = u (Rl) for all R between Rl
end R2, then p(u) can be replaced by an impulse at u (Rl) and
p(z(R})) = p(z(R;)/ug(BRl)). When samples of z(R;) are taken over longer
intervals of distance suech that the mean rveflectivity of the cellsassume two
or more uncorrelated samples of u,, then p(u) is equal to the p.(u ) and
p(z(R;)) must be obtained through equation (Alb). When p(z(R;)) is a function
of pelug), it is also a ‘function of the resolution cell size. As noted
previously, py(uyx) narrows as k increases. As k approaches infinity, pyelu.)
approaches an impulse at M, the expected value of u and p(z(R;)) approaches
p(z(R )/™\.), an exponential density function, illustrating the well known
Central Limit Theorem.

Point clutter or discretes are defined to be large complex scatterers
that occupy an area or volume that is always much smaller than a resolutien
cell. The magnitude of point clutter is defined by a mean cross sectionm
RCS(R;) that can be estimated by averaging the instantaneous cross section

res(t,w,R;) over m carrier frequencies uniformly distributed between 1.2 and
1.4 Ghz. The mean value of a discrete is a single value for all time. For a
discrete with mean RCS(R;) = RCS at R;, res(w) = res(t) ,w,R;/) follows an
exponential density function and res(t) = res(t,w,,R;) follows a Rician
density function. Informarion on the rate of fluctuation is given by S(f) or
R(?T) .
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3.0 Clutter Types

3.1 Terrain Clutter = The terrain clutter environments are presented using
areas or patches of distributed backscatter, point c¢lutter, and shadowed
regions where the backscatter is dominated by system noise. The amplitude of
the point clutter is characterized by the effective radar cross section (RCS).
The amplitude of the distributed clutter is characterized by the effective
normalized radar cross section @, which is defined as the effective radar
cross section (RCS) of a resolution cell divided by the area (A) of the
resolution cell.

(A2) O = (RCS)/A
(A3) A= R® (cty2) (pulse limited case)

where R is the radar range to the resolution cell, @ is the 3 dB two=way
azimuthal beamwidth of the radar aperture, ¢ is the speed of light, and is
the radar pulse length. For both distributed and point surface clutter, the
effects of wmultipath, diffraction, and other local propagation effects
existing under normal propagation conditions are included in the term
effective radar cross section (RCS). Anomalous propagation conditions are
discussed in Section A6.

. The terrain environment is defined by three terrain classes represented
in the three generalized sites: Lowland, Wooded Hills, and Mountains. The
amplitude of the distributed clutter from Lowland terrain varies as a functioen
of 1local grazing angle and is defined to exist out to the radar horizonm.
While Lowland terrain typically contains various manmade structures and
extensive vegetation, it is nominally flat such that, under normal propagation
conditions, the local grazing angle is calculated using a 4/3 equivalent earth
radius propagation model. Under normal propagation conditions, point clutter
scatterers are visible within a radius equal to the radar horizon plus 12 mm
and are uniformly distributed within this radius. The average density of this
point clutter in the Lowland terrain is 1 scatter per 30 square mnautical
miles.

Within the Wooded Hills terrain, 50% of the range-azimuth cells within a

100 nm radius are either dominated by thermal noise or contain one of the 50
uniformly distributed discretes. The remaining range=azimuth cells within 100
nm contain distributed clutter which is defined by patches with the sizes and
numbers given in Table A2, The clutter patches are distributed uniformly in
azimuth and follows a truncated exponential distribution in range within the
following constraints:

(a) the mean of the range distribution is 45.9 nm; ,

(b) of the range=azimuth cells occupied by clutter patches within
100nm, 39.82 are contained within 20 nm (See Table A2); )

(c¢) the distribution of clutter patches in range is normalized to
the number of patches given within 180 nm (See Table A2).

Similarly, within the Mountainous terrain, 60X of the range=azimuth cells
within 100 nm are either dominated by system noise or contain one of the 50
uniformly distributed discretes. The remaining range-azimuth cells contains
distributed clutter patches with the sizes and numbers given in Table A2.
These patches are distributed uniformly in azimuth and follows a truncated
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exponential distribution in range within the following constraints:

(a) the mean of the range distribution is 37.8 nm;

(b) of the range-azimuth cells occupied by clutter within 100 nm,
26.8% is contained within 10.8 nm;

(¢) the distribution of clutter patches in range is normalized to
the number of patches given within 180 nm.(See Table A2). Clutter from
scatterers beyond 180 nm are assumed to have levels well below the noise level
and are not detectable.

The spatial amplitude distribution functions p, (o7, ) defining the range
of mean reflectivity values for the distributed clutter areas are Weibull
distributions with the parameters given in Table Al. Examples of these
distributions are provided in Figure A2. Conditional densities
p(ag(R}) /=g ) and p(o,(w )/c, =d,) are exponential. Therefore, play(t))
and p(a’(R )) can be obtained :hrough equarxons (Ala) and (Alb), respecczvely.
The mean RCS values of the point clutter is also given in Table Al.

A terrain clutter cell is assumed to have both stationmary and moving
scatterers, each contributing a portion of the total backscatter power.
Therefore, the backscatter from each terrain class is defined to have
intrinsie spectral density and autocorrelation functions containing "DC" and
"AC" components. These functions, given in Table A3 and plotted in Figures
A3a and A3b, have been normalized such that the total energy is unity. The
"DC" component represents backscatter emergy from stationary and very slowly
swaying (veloczty < &5 wavelength/sec, peak sway < .25 wavelength) or
quasi-stationary scatterers and is well represented by an impulse, Since the
phase summation from these scatterers generally result in different magnitudes
at the receiving antenna terminals for different carrier frequenczes, this
"DC" component scintillates with carrier frequency. Therefore, the impulse
coefficients and the DC-to-AC rarios given 1in Table A3 represent average
values. Even though the "AC" component of the backscatter energy from movxng
scatterers may include AM as well as FM terms, the density functions used in
this model assumes that the spectral spread will be inversely proportional ko
the carrier wavelength.

The clutter from a single resolution cell fluctuates as a function of
time and frequency. The fluctuation demsity functions which define the
scintillation of both "DC" and "AC'" components of a s*ngle cell as a function
of frequency and different cells with the same mean 1is exponential. The
temporal fluctuation of the backscatter of a single cell when observed with a
single carrier frequency is due only to the moving scatterer component and is
defined to follow the Ricean density function given in equation A4 using the
DC-to-AC ratios given in table A3.

(a4)  pleg(r)/e; =op )=

(mu)exg[ 7o ( ”'l")e)p maI [""‘W”“'J-__]
Coe

where m" is the DC-to=-AC power ratio, ¢;, = a value that can be taken by o, and
I,[x] is the modified Bessel Function of the first kind of zero order.
Unambiguous samples from different resolution cells represent uncorrelated
samples of the uniformly distributed phase distribution. The spatial

correlation coefficient of the clutter mean reflectivity is given in Table AS8.
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3.2 SEA CLUTTER = The mean reflectivity 35: of the distributed sea clutter is
defined to have a spatial amplitude density function p, (e, ,) that is gamma
(See Figure A4) with the expected values of o7, as given in Table A4. Note
that this gamma distribution is a function of the parameter k which, in turn,
is a function of the size of the radar resolution cell. Conditional densities
plo, (t) /o =ase )y P(oy(R;)/EE, =0, ), and plog(w )/o,, =a7.) are exponential.
Therefore, p(o,(t)) and p(ez(R;)), which can be obtained thru equations (Ala)
and (Alb), are K=-distributions (See Figure AS5) [1],[2],[3],[41,[9]).

The power spectral density function of sea clutter is defined to be
Gaussian with the equivalent velocity characteristics given below:

* Sea State V

Mean Doppler shift: 5.0 cos&. (knots) Horizontal polarization
3.0 cos&,,(knots) Vertical polarization
Standard Deviation: 3.0 (knots)
* Sea State II

Mean Doppler shift: 3.5 cos®. (knots) Horizontal polarization
1.5 cosB_(knots) Vertical polarization
1.0

Standard Deviation: (knots)

where €. = angle between the wind direction and the radar beam. The mean
reflectivity values correspond to waves that move in space in the direction of
the surface winds at 18 knots. Unambiguous samples from different resolution
cells represent uncorrelated samples of the uniformly distributed phase
distribution. The spatial correlation coefficient of the mean reflectivity is
given in Table A8. For calculations of multipath, see Table All.

The sea also contains ships and buoys which are modeled as discretes.
Within 20 nm of the radar site, the average density of the discretes ‘is 1 per
10 square nautical miles (42 discretes total within 20 nm). Beyond 20 nm, the
density is 1 per 250 square miles. The distribution of median RCS is the same

"as that given in Table Al for the mean value of terrain discretes. However,
multipath and other propagation factors are not included in RCS values for the
ships and buoys. For each site and propagation condition, the power density
on the discrete depends on the multipath and refraction conditions over the
water. The shape of each discrete is assumed to be roughly rectangular with a
height (ht) given by

ht = antilog((RCS=25)/40)

where ht = height of ship/buoy in meters and RCS = effective radar cross
section of discrete in water. The fluctuation about the median value of a
discrete is defined to be log=normal with a standard deviation of 1.15 (5 dB
between 84X and 50X points). The autocorrelation function is exponential with
a decorrelation time of 1 second. The speeds of the ships/buoys are uniformly
distributed between plus and minus 25 knots; the headings are random with
respect to the site, -
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3.3 WEATHER CLUTTER = Precipitation clutter is defined to exist when a storm
system moves into the radar coverage. For the purposes of this evaluation, a
simple model of a storm system is used where the area of the gystem is roughly
square and has dimensions of 200 am by 200 nm. Precipitation within this
storm system exists in two forms: distributed and cellular. The spatial
characteristics of cellular and distributed precipitation are defined in Table
AS and Table A6 for two generalized climatic enviromments, tropical and middle
latitude. The tropical environment model depicts high intensity~ smaller
diameter rain cells that are often found in the summer weather systems
experienced in Hawaii and Guam, the Gulf states of CONUS and at some sites in
Arkansas and Oklahoma. The middle 1latitude model, which depicts moderate
intensity-larger diameter rain cells, presents a weather system typical of the
rest of the sites in CONUS. These models were derived from information
obtained from Beals, et al [5].

The cellular precipitation is modeled by cylindrically shaped cells with
~core rainfall rates and diameters given in Table AS5. The rainfall rate falls
off horizontally outside this core at 20.8 mm/hr per nautical mile for the
middle laritude region and at 32.4 mm/hr per nautical mile for the tropical
latitude regions. The middle latitude cellular precipitation consists of 170
cells with a typical diameter of 3.1 nm at the 2.5 mm/hr rainrate points for
weaker cells, increasing to over 5 nm for the strongest cells. The tropical
precipitation is modeled by 233 smaller cells. Most of the cells contain
higher rainrate cores which extend over less area. The cells travel in groups
with 5«10 cells per group. The cross sectional area of each group is
irregularly shaped and is 100 square nautical miles in size. These groups are
uniformly distributed within the storm system. For the tropical environment,
the distributed precipitation exists only within the cell groups between the
cells. For the middle latitude environment, the distributed: precipitation
exists between the cells within the group and between the cell groups
throughout the storm system.

The number of rain cells within 100 nm given in Table A5 defines the
total number in the storm system and, therefore, the peak number within 100 nm
as the system passes through, However, detection of the cells as they
approach or leave the radar coverage volume is not limited to 100 nm and is
determined by the radar horizon and height of precipitation.

Table A6 defines the relationships between rainfall rate, frequency,
backscatter amplitude and attenuation. The propagation loss for any given
path shall also include the atmospheric loss as given in NRL Report 6930.
Table A6 also defines the amplitude and spectral statisties of the
precipitation backscatter. Note that the weather backscatter is treated as a
nonstationary process with the mean reflectivity 3:; varying in space about
expected wvalues caleulated from the mean rainrate of the cell. Since pm(nd)
is gamma (See Figure A4) and the conditional densities p(n,(t) Ty *Ryg ) s
p(n (R;) /A, =n,e), and p(n,(w)/a,, =n,e) are exponential, p(n,(g)) and
p(a,(R{)) are a K-distributions calculated thru equations (Ala) and (Alb).

Table A7 defines the average horizontal wind speed as a function of
height and presents the formulas for calculating the spectral spread of the
rain backscatter. Average fall rates of precipitatiom are given in Table AS.
While real convective systems have vertical velocities that can be positive
(updrafts) or negative (downdrafts), only negative vertical velocities are
given in the model. The wind in the clear or in distributed rain is assumed
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to be unidirectional with moderate shear with altitude. Within the groups
containing cellular rain, a circular wind pattern causes the speed and
direction of the wind=blown rain to vary in different regions and altitudes
within the cell due to terrain effects, convective activity, and the
turbulence and shear slong warm and cold fronts. Therefore, large regions of
the cell will display large radial wind shears regardless of the angle between
the nominal wind direction within the 200 nm radar coverage and the radar

beam. In this model, this azimuth-independent wind shear is assumed to apply
to the whole cell.

The mean velocity of an elemental volume is obtained by the vector
summation of the horizontal and vertical velocities. The radial velocity
component from an elemental volume of rain has a spread around the mean
velocity due turbulence and the distribution of fall velocities. This spread
is assumed to be Gaussian with the standard deviations given in Table A7.
When a larger volume containing a spread of mean velocities is observed, the
resultant spectral shape can be obtained by convolving the distribution of
mean velocities with the Gaussian spread caused by turbulence and the
distribution of fall velocities. Calculation of the spread of mean velocities
due to windshear as well as beam spread components require the use of the
proposed antenna pattern or 2 Gaussian approximation with the same two=way
beamwidth. To the extent that the elevation (or azimuth) pattern, including
sidelobes or Gaussian tails, observes a constant raxnrate, the spectral shape
of the wind shear {(or beam broadenzng) component is the shape of the two-way
antenna pattern. When a gaussian pattern is assumed and the rain £fills the
pattern out to insignificant levels, then the simplified equations for
spectral spread given in Table A7 and reference [10] apply. However, when the
rain partially fills the pattern or different rainrates are observed in
different regions of the pattern, then the spectral shapes are obtained by
weighting the contribution of each scattering volume with the agtenna gain in
the direction of that volume, As shown in the examples given in Figure A9,
this can lead to non-Gaussian shapes even if a Gaussian antenna pattern is
used.

The spatial correlation coefficient of the mean volume reflectivity is
given in Table A8. VUnambiguous samples from different resolution cells
Tepresent uncorrelated samples of the  uniformly distributed phase
distribution.

3.4 ANGEL CLUTTER = This model describes the number and characteristics of
small moving scatrterers such as birds and insects within the detection volume.
The angel characteristics and distributions are summarized in Table A9. The
distribution of mean angel RCS is lognormal and is plotted in Figure A6. This
model assumes that all angels are small relative to a resolution cells.

200,000 angels are defined to be randomly distributed within a 250 am
radius of the site and are confined to within 16,000 feet of sea level. This
corresponds to an average density of .4 angels per cubic mile or 1 angel over
each square mile of surface area. Table A9 defines a non-uniform distribution
of angels in altitude., At each site overlooking the sea and lowland terrain,
the refraction conditions will determine the effective angels density above
the radar horizon. Figure A7 provides the number of angels that are both
above the radar horizon and within radius R for each site assuming standard
refraction conditions. Numbers for superrefractive and anomalous propagation
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conditions are calculable in a similar manner. For Wooded Hills and Mountain
terrain, the number of angels above the radar horizon given in Figure A7 is
defined to exist for all conditions. Multipath effects have not been included
and must be accounted for in determining the detection statistics for angel
clutter.

3.5 GROUND VEHICLES = The wmodel describing the local vehicular traffic is
summarized in Table Al0. Ground vehicles follow roads that exist at known
locations around the site and are randomly oriented with respect to the site,
This traffic is visible to the radar in the same regions that the lowland
distributed clutter is visible. Traffic is also visible in the highland
clutter patches within 50 nm of the site. 500 vehicles are visible along the
50 nm of highway within line of sight of the high sited radar during any
given scan. The longest continuously visible stretch of highway is 5 nm and
the shortest stretch is .5 nm. Due to screening, 50 vehicles are visible
along the 5 nm of visible highway near the low site. The longest stretch of
continuously visible highway is .5 am. and the shortest is .l nm. Ground
speeds of each vehicle are assumed to be constant while traveling on visible
stretches of the highways.

3.6 ANOMALOUS PROPAGATION - Superrefractive and ducting conditions exist at
the Lowland site a 1large percentage of the time. The major impact of
superrefractive propagation over the terrain is to extend the range of
clutter. This effect is modeled by assuming that the equivalent earth radius
is 5 times the true earth radius rather than 4/3. The superrefractive layer
exists from ground or sea level to 400 feet MSL; normal refraction resumes
above 400 feet MSL.

Ducting is modeled by assuming that emergy is trapped and guided around
the curvature of the earth. Energy transmitted with elevation angles of plus
or minus .] degree from the 350 ft radar site and less than .3 degree from
surface scatter 1is trapped by a duct with a height of 400 feet MSL. Energy
transmitfed at angles above .l degree and .3 degree, respectively, propagate
according to standard refraction.

Sea state II conditions exists during anomalous propagation conditionms.
The mean backscatter is a function of grazing angle via superrefractive
propagation out to 10.4 nm where the grazing angle is .3 degree. Beyond this
range, the effective grazing angle at the sea surface will slowly vary ‘iam
range (correlation lengths of several miles) from a maximum of .3 degree to 0
degrees. The power density at the sea surfaces in the duct are calculated
assuming free space propagation losses.

At the far coastline, the duct gives way to superrefractive propagation
over the terrain, For the purpose of calculacing the terrain clutter
amplitude, the effective grazing angle as a function of radial distance from
the coastline can be calculated by

., =t .07.55 R#q
(as) fy = sin (R” - 3%03)

where R is the radial range inland from the coastline in nautical miles and éj
is the grazing angle.
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The spectral spread of the sea return is the same as under normal
propagation conditions. The spectral spread of the ducted terrain backscatter
is modified by the multiple reflections from the moving surfaces of the duct.
The resultant spectral distribution is the convolution of the lowland spectrum
defined by Table A3 and a Gaussian spectrum with a zero mean frequency and a
standard deviation corresponding to 2.5 knots.
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TABLE A1°SPATIAL_AMPLITUDE DISTRIBUTION FUNCTION OF TERRAIN BACKSCATTER

**The mean reflectivity values o3, for elemental areas
within the distributed clutter patches follow a Weibull distribution

(T, <oz, ) = l=exp[ (=1n 2)(0g, /o ) |

Parameter (or) (e)
Lowlands, tundra .1 sint (ﬂj) F(?j)
Wooded Hills .000631 (=32 dB) .35
Mountains .002 (=27 dB) .40

where ¢{ = grazing angle in radians; 0 < @, < .22 radians

4.22/1010g] (.078/8.% )+ 1.10 ]
F(¢,') ‘{ - for ¢J > .0052 radians

.2 for P, < .0052 radians
-
**Stationary discretes or point clutter

RCS (dBsm) 60 50 40 30 20 10 0

2 of discretes 1} 2 5 10 20 27 35

TABLE A2 = SPATIAL POSITION DISTRIBUTION FUNCTION OF TERRAIN BACKSCATTER
FROM HILLS AND MOUNTAINS

F. (x) = Percentage of clutrer patch area within radius x of site
given truncation range r ’

1 = exp(=x/b)
F, (x) = b = mean range of distribution
1 = exp(=r/b}

WOODED HILLS b = 45.9 am

x (nm) 20 40 60 80 100 120 140 160 180

Fao(x) .361 .593 .744 .842 .905 .946 .972 .98% 1.0

F..(x) .398 .655 .822 .93 1.0 == @esc oo o=
# PATCHES WITHIN RADIUS x

Sum x

Sdeg. 47.8 78.6 98.6 111.6 120 136.2 146.7 153.5 158

10nm x
10deg 12.7 21 26.3 29.8 32 ewe ona aen ana

20nm x
20deg 2.8 4.6 5.7 6.5 7.0 ama — — -~
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MOUNTAINS b = 37.8 om

x (nm) 20 40 60 80 100 120 140 160

ﬂen(x) JLl4 4659 .802 .887 .937 .966 .984 .994

F (x) -‘&42 .703 0856 -9&7 1.0 — —— -——

loo

# PATCHES WITHIN RADIUS x
2.7nm

x Sdeg 77.8 123.7 150.7 166.7 176 192.6 202.3 208.1 211.5

5.40m

10.8nm
x20deg 4.9 7.7 9.4 104 11 e—e === ===

TABLE A3 = SPECTRAL DENSITY FUNCTION OF TERRAIN
** Lowlands
** For 20 knot winds, DC to AC Ratio = .85

S(E) = 468 () + 3286 N /L1 + (|£] 7/.68) ]
oG
R(T) =fscf) 27T e

o
*% For 10 knot winds, DC to AC Ratio = 5

S(E) = .833 §(£) + .2218 A/[1 + (fA/.sa)" ]
R(T) = .833 + .167 exp(=1.514T/ %\ )[cos(1.5117/ X)) +
** Yooded Hills, DC to AC Ratio = 9

S(E) = .9 S(£) + .388IN/[1 + (£2/.116) ]

sin(l1.51T/2)]

RET) = .9 + .1 exp(=.51547/ Z)[cos(.5154T/A) + sin(.51547/ A)]

**Mountains and Discretes, DC-to-AC power ratio = 27

S(v) = .964 §(£) + .3528 N/[1 + (£ 7/.046) ]

R(T) = .964 + ,036 exp(-.20447/ ) )[cos(.20447/ 0 ) +
equivalent radial velecity in meters/second = £ X /2
frequency in Hz,

wavelength in meters
time delay in seconds

_*)}mé
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TABLE A4 - SPATIAL AMPLITUDE DISTRIBUTION FUNCTION OF SEA CLUTIER
REFLECTIVITY COEFFICIENT

** The mean reflectivity 0, varies around the expected value m;

and follows a gamma probability density function

_ k k-1 _ k
R (T ) = [ kT exp(=kig/7,; )/([7(k) 7 )]

where, for grazing angles i < 5 degrees,

k = (ct/2D) |cos 8] + (R ® /1) |sin &)

6 = two-way azimuthal beamwidth, radians

M()= gamma function

t, = pulse width in nsec.

= expected value of G at grazing angle ¢3; as given below

= range, feet

8. = angle between wind direction and propagation of radar energy
= .984 ft/nsec =~ 1 ft/msec

= correlation length (See Table A8)=D.

For horizontal polarization,
k = (t/a00) |cos 8, + (R® /J00) |sin @,] SEA STATE V (L= 100 £ft)
k = (t/80) |cos &, + (R8& /40) |sin 8,] SEA STATE II (L = 40 ft)
For vertical polarization,
k T (t/6) |cos 8, + (R8 /3) |sin 8] BOTH SEA STATES (L= 3 £ft)
The normalized gamma distribution function defined as

PROB(y < ¥ ) =/>;K(x) dx

is plotted in Figure A4 for k equal to 1, 2, 4, 16, and infinity and

vhere y = o7, /Y\~l
SEA STATE 11

T = =25 + 20 log(sin(%,‘)) (dB) for ¢3.‘ < 5 degrees (Vertical)

- -52

+

20 log(sin(1l2 ¢’;)) (dB) for ¢J,‘ < 5 degrees (Horizontal)

SEA STATE V
mi= -32
MV

+

17 log(sin(12 @-)) (dB) for ‘¢ 5 degrees (Vertical)
' \

+

15 log(sin(12 %,‘)) (dB) for ¢J; < 5 degrees (Horizomtal)
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TABLE AS = WEATHER SPATIAL CHARACTERIZATION

MIDDLE
LATITUDES

TROPICAL
LATITUDES

Cellular Precipitation
* Core height
* Number of cells

0-15,000 feet

o - v s -

0-20,000 feet

within 100 nm radius 170 233
* Size and
Rainfall Rate
Mean Rainfall Rate Number Diameter Number Diameter
{(mm/tr) of cells {am) of cells (nm)
2.5 47 N 58 2.2
6.3 46 2.7 53 2.0
12.5 45 2.1 45 1.6
25 18 1.6 35 l.1
50 14 0.8 25 0.8
100 - 17 0.6

*Edge falloff
* Horizontal
* Vertical

* Fall Rate

Distributed Precipation
*Uniform Light Rain
*Height
*Mean Rainfall
Rate
*Areal Extent

*Fall Rate

*Bright Band
*Equivalent
Rainrate
*Vertical

Extent
*Fall Rate

20.8 mm/hr/nm
1.5 mm/hr/kft

15 knots

0 to 9000 feet
1 mm/hr
Throughout storm

system bwt cells
10 knots

10 mm/hrt

9Kft to IOKft
2 knots

A=18

32.4 mm/hr/om
1.5 mm/hr/kfe
(1 = 50 mm/hr)
2.5 mm/hr/kft
(100 mm/hr)

15 knots

0 to 13000

1 mm/hr

Within clusters
between cells
10 knots

10 mm/hr

13Kft to l4.5KEc
2 knots )
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TARLE A6 - WEATHER BACKSCATTER AND ATTENUATION RELATIONSHIPS

%* The mean volume reflectivity Ty varies about the expected value M.,
and follows a gamma density function

_ o K _ k
P.(ny) = [ k T, exp(-k nv/*\_“ M AT ™M ) ]

Relationship Between —l4 e 4
Average Rainrate and WT‘LH= (6.12 x 10 Yt~ /) n? /m?
Ny for Linear
Polarization
Amplitude Scintillation
Distribution Function exponential

. 2.36
Attenuation Factor : a = ,00013 (£) r

(dB/nm, one way)

* Average % of 185.2 km radial occupied by raimnrate for use in calculation
of average attenuation (l degree elevation angle)

Average Rainrate(mm/hr) 1.8 3.8 8.9 17.8 35.6 70
*Middle Latitude 3.3 1.7 1.4 0.8 0.02 0
*Tropical Latitude 3.5 1.1 0.9 0.55 0.15 0.11
Polarization =15 dB for rain
Characterization lTl“ay*lmuf {=10 dB for bright band
=15 dB for water above
cylinder core
where r = mean rainfall rate,millimeters /hour
A = wavelength,meters
£ = frequncy, gigahertz
() = gamma function '
k = (1+R 8 /2b.)*(1l+ct/4by)

Tl expected value of rain reflectivity using
linear polarization

'FL,“)- expected value of rain reflectivity using
circular polarization
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TABLE A7 = WIND VELOCITY AND WEATHER SPECTRUM

HORIZONTAL WIND VELOCITY

* ENVIRONMENTAL WINDS
These winds are unidirectional and exist in Clear weather or within
the distributed rain

* Mean Velocity = 10 knots, gusting to 20 knots h € +2 kft
* Mean Veloecity = 10 + .5h (knots) .2 kft ¢ h < 20 kft

* Mean Velocity = 20 + 1.7(h=20) (knots) 20 kft < h

* CELLULAR RAIN :

The mean velocity component of cellular scatterers in the direction of
environmental winds is 20 knots. Within the cell below 20 kft, ecirculating
winds exist that present a wind shear due to changes in wind velocity and
direction as a function of height. For the purposes of this procurement, a
simple shear model that assumes a linear increase of circulating wind speed
with altitude is used. The mean radial velocity V as a function of altitude
is given as

*V, = 20 cos 8,cos §, + 15 sin §, + 3 2.35 (8#10) cos §, (knots).

Above 20 kft, the winds are the unidirectional and the mean radial velocity
is given as

*V_ = 44 cos 6 cos g + 2.35 (h=20) cos § cos ¢e (knots).

SPECTRAL SPREAD:
*When a Gaussian antenna patternm is leled with uniform rai

sj* [ (TURB) + (FALL) +(WIND SHEAR) + (BEAM SPREAD)I]
where

TURB
FALL

standard deviation (s.d.) of turbulence = 1.4 (knots)
s.d. of fall velocities = 2 |sin f, | (knots)
s.d. of shear
1.27 R# cos f, |cos 8, I(knots) (distributed rain)
6.0 R cos @, (knots) (cellular rain) < 20 kft
6.0 R § cos § |cos 8,](knots) (cellular rain) > 20 kft
42 V 8 |sin 8, (knots)
range in nm
two-way elevation beamwidth cantaxn-ng rain (radians)
two~-way azimuthal beamwidth containing rain (radians)
elevation angle (radians)
mean wind velocity at center of beam (knots)
angle between wind direction and radar beam (rad;ans)
std. deviation of wind velocity, (knots)
altitude, (kilofeer MSL)
j = +]1 or -1, random from rain cell to rain cell
When antenna pattern is not filled, the spectral shape depends on the location
and intensity of the rain within the filled portion of the beam as illustrated
in Figure A9.

WIND
SHEAR

BEAM SPREAD

<2;9~O'0~W

=
nu
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TABLE A8 -~ SPATIAL CORRELATION COEFFICIENT OF CLUTTER MEAN REFLECTIVITY

{1-( |a2| /D) for lag} < D

d(al) =
0 for lag| > b
*Lowlands D, = 3000 ft
*Mountains Dy = 1000 £t for R £ 50 nm
or Hills = 1000 (R/50) ft, R>50 nm (note 1)
*Sea = 100 feet for SS V.
D, = 40 feet for S8 I1,, (up/down wind)
= 3 feet for all 8§,
D.= RB or c5°/2 in the cross wind direction
*Weather
ea
cellular De = 500 ft (range/cross range dimension)
D, = vertical height of core
distributed De = 2.0 nm (range/cross range dimension)

_ D, = vertical height of 1| mm/hr precipitation
where

e, 2
dan) = s{cu‘{(z )=E) (T L+aR )-’\i)} /()
Txt\1= expected value of wu¥ ¢ = 300 meters/usec = 984 ft/usec
(o*)"= variance of uf R = range, nautical miles
u* = 10 log u, © = Az, 2-way beamwidth in radians
u*(2)= sample of uT at locationi t, = waveform pulsewidth in microseconds

note l: Due to shadowing, the spacing betwWeen the visible weibull scatterers
is assumed to increase proportional to range.

TABLE A9 - ANGEL CLUTTER MODEL

NUMBER OF ANGELS < 250 NM RADIUS 200,000
AVERAGE DENSITY .4 angel per cubic mile; 1 angel over each sq. mile
DISTRIBUTION OF ANGEL RCS ( See Figure A6)

*Density function Log Normal

*Median =20 dBsm

*84 Percentile -10 dBsm

*Fluctuation statistics Swerling 1

GROUND SFPEED AND HEADING
* Bounds of ground speed, time interval between heading changes,
and angle of heading change is a function of height.
* Sampling distribution is uniform between bounds in each case.

SPATIAL DENSITY

Altitude Z of Ground Heading Time Between
Interval angels Speed Changes Heading Changes
(kft) (knots) (degrees) (minutes)

0 -1 50 0=30 +180/-180 0 -1

1 -2 25 10-40 +180/-180 1 =3

2 -4 20 30-60 +90/ =90 5-10

4 -8 4.5 30-60 +30/ =30 5 =15

8 - 16 0.5 30-60 +30/-30 5 -15
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TABLE AlQ - GROUND VEHICLES

VEHICLE RCS

GROUND SPEED

10 square meters
Swerling 1

*Distribution Gaussian

- *Mean 50 knots

*Standard devxa:zon 10 knots
NUMBER OF VISIBLE VEHICLES S00 (Highland site)
PER SCAN 50 (Lowland site)

TABLE All - MULTIPATH PARAMETERS [6],[7],(8]

F = |£(§,) + rp, DE(§ exp(~jo)]

where ¢
£(g,)
£(g)
T
P

2 e -€2°

A
x

antenna gain at direct path ray angle ﬁ

antenna ga~n at reflected path ray angle 01

exp(~-8(~w sin a/) > )

magnitude J% reflection coefficient of smooth surface
(See Figure A8a for vertical polarization and

Figure A8c for horizontal polarization. )

.6

Y+ 27K /N )

phase angle of reflection coefficient

180 degrees for horizontal polarization ﬁ < 10 degrees)
(See Figure A8b for vertical polarization)

path length difference of direet and reflected rays
wavelength, meters

grazing angle

o~ +6 meters for Sea State V

- .1 meters for Sea State II
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TABLE Al2 - LIST OF SYMBOLS

attenuation factor for rain

speed of propagation = 300,000,000 meters/second

spatial autocorrelation function

Doppler frequency in Hertz

altitude

number of uncorrelated samples of u, within resolution cell
a measure of distance in range, cross-range, or altitude
DC-to-AC power ratio

instantaneous volume reflectivity of a cell at time t;.
(Boldface type indicates random variable)

= mean volume reflectivity for cell i of size k at

time t,.(Boldface type indicates random variable)
probability density function of wu

spatial amplitude density function of u, where the resolution
cell contains k uncorrelated samples of

conditional density function of the random variable z given
condition a.

normalized instantaneous reflectivity z/,\

rainrate in mm/hr .

standard deviation of wind velocity

standard deviation of wind height

time in seconds

pulse width

the mean value of reflectivity for cell i of size k at

nown

nonn

time t, for a generalized distributed clutter source.
(Boldface type indicates random variable.) Analogous to

the areal reflectivity term G, and the volume reflectivity
term n,

radial velocity

carrier frequency

the instantaneous value of reflectivity for a cell at time tl
for a2 generalized distributed clutter source. (Boldface type
jndicates random variable.) Analogous to the areal reflectivity
term o; and the volume reflectivity term ny.

the area of a resolution cell

the instantaneous bandwidth of a waveform

the correlation length, the distance between uncorrelated
samples of u,

the probability of random variable u being equal to or

less than value b

range in nautical miles

location of cell i in vector notation

the radar cross section in square meters
mean wind velocity in knots

mean radial wind velocity in knots

delta function -
expected value of random variable u = u
antenna -3 dB two-way beamwidth in azimuth
azimuth angle a

the azimuth angle between the wind direction and the radar beam
wavelength, meters

instantaneous areal reflectivity of a cell at time t,.
(Boldface type indicates random variable.)
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E"&uRi) = average areal reflectivity of cell i of size k at time t,.
(Boldface type indicates random variable.)

e = a value that can be taken by G;

- = standard deviation of random variable y

T = time delay )

g = antenna -3 dB two-way beamwidth in elevation
Be = elevation angle ¢

g = grazing angle

H( ) = gamma function
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WOODED

HILLS 1 MOUNTAINS
(a) LOW SITE
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-3 £ 30 NM
. 180 °
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FIGURE A1 SITE ENVIRONMENTS
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APPENDIX B

MODE 4 AND STROBE PROCESSING

Appendix B is the classified portion of the ARSR-4 Specification (FAA-E-2763).
It provides information pertaining to Mode 4 and strobe processing and is
composed of two parts. Part I pertains to Mode 4 (3.5.20) and Part II
pertains to strobe processing.

This appendix is available via written request to the program office.

Federal Aviation Administration
ASU-320

Attn: ARSR-4 Contracting Officer
800 Independence Avenue, SW
Washington, DC 20591
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SUBCLUTTER VISIBILITY MEASUREMENTS WITH THE TEST TARGET GENERATOR

1.@ Definition.- The subclutter visibility is defined as the ratio of
clutter signal to target signal when the target signal is exactly superimposed
on the clutter signal and & probability of detection of 8.8 as achieved at
each point over the specified radial velocities. If a non-fluctuating target
is used in lieu of a Swerling I target, the subclutter visibility measurement
must be reduced by S.5 dB.

2.0 Test Methods.- The subclutter visibility measurements shall be made with
the radar cornected to the antenra, the transmitter on, and the antenna
scanning normally. The method to be used is as follows:

{a) Determine the range and azimuth of a large isclated fixed echo.

{b). Rdjust the STC or other front-end attenuator until that echo is on
the verpge of limiting the R/D converters. ’

{c) Superimpose the search test target (STTB) signal over the clutter
signal and select an appropriate velocity.

(d) Reduce the amplitude of the test tarpet penerator signal until the
blip-scan ratio at the target extraction output is @.8.

(e) Increase the amplitude of the test tarpget generator signal by
adjusting the precision attenuator until the test target generator
signal and the clutter signal are the same amplitude as observed
on an expanded A-scope display of the IF amplifier output.

{f) Repeat the above test for other velocities.

The measured subclutter visibility is the difference in dB between the
attenuater readings taken in steps (d) and (e) above.

Some systems can be adjusted so as to produce clutter residue which may lead
to optimistic subclutter readings in tests of this kind. Checks shall be made
with no target signal to establish that no clutter residue detections occurs
for the fixed echo selected. In the event that pulse compression is used, the
test shall be modified as necessary to provide a valid subclutter visibility
measurement.
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ARSR-4 ANTENNA TEST RANGE REQUIREMENTS AND CONSIDERATIONS

1.0 Antefina Test Range Reguirements

This Appendix establishes design guidelines and probe data
requirements for the test range(s) that shall be employed in
verifying ARSR-4 antenna performance.

The purpose of antenna testing is to determine how the antenna
will perform under actual operating circumstances. For this
reason, it is important to assess the characteristics of the
antenna itself, and not of the antenna in one particular
environment. Ideally, the test antenna would be placed in free
space with 2 source antenna at a near infinite separation. This
would permit measurement of the characteristics of the antenna in
the absence of external interference and in an incident field
uniform in both phase and amplitude. However, this is not
possible and restrictions must be established on the actual test
environment.

The discussion that follows applies to a far field antenna test
range. In the event-that the contractor proposes the use of a
near field range for pattern testing of the ARSR-4 production
antennas, the contractor must demonstrate that the near field
azimuth patterns and the far f£ield azimuth patterns taken on the
first ARSR-4 antenna produce sufficiently comparable results to
assure that the subsequent production antenna patterns, tested on
the near field range will meet all specified performance
‘requirements. Specifically, all cf the antenna specification
must be fully met on both the far £ield and the near £field
ranges. In addition, the main lobe of the far field patterns and
the mainiobe of the near field patterns shall coincide within
normal plotting error; the sidelobe amplitudes shall agree within
1.08B RMS for side lobes of -404B or higher; the integrated
cancellation ratio, for antennas having circular polarization,
shall agree within +£1.04B; and the antenna gain measurements
shall agree within +0.25d4B. The contractor shall provide
evidence to show that the verification also applies to the
elevation patterns. Other methods of near field range
verification will be considered Subject to Government approval.

1.1 Range Length and Probe Data Reguirements

The antenna range length shall not be less than aD*/A for the
pattern measurement of the first antenna.
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The electromagneiié
performance of the test range(s) will be verified by recording

the probe data described below and reporting these results in the
contractor's range validation report. The probe data must meet
the requirements established below prior to acceptance of the
range(s) as suitable for the testing required by this contract.

A field probe mechanism similar to that shown in Figure 1l.1l shall
be used for the field measurements required below. The 3-4dB
elevation and azimuth beamwidths of the probe shall be no 1less
than 30 degrees.

All probe data and related requirements described below are to be
demonstrated at 1215 MHz, 1310 MHz, and 1400 Miz.

In the event that different antenna ranges are used for the first
antenna and the subsequent production antennas, field probe data
shall be furnished for both antenna ranges.

1.2 Probe Measurements Over Test Aperture

The plane normal to the line of sight from the source antenna to
the test antenna and passing through the geometrical center of
the test antenna aperture when this aperture is also normal to
the line of sight is the test aperture plane. The fest aperfure
is the minimum region within the test aperture plane that
ineludes all projections (parallel to the above mentioned line of
sight) of the test antenna aperture over all angles of elevation
tilt and azimuth rotation employed during antexnna testing.

The following probe data and associated performance are reguired.

(1) With the source antenna oriented to transmit the linearly
polarized energy of the ARSR-4 antenna and the field probe
antenna oriented to receive the same polarized energy along
the line of sight to the source antenna, record the detected
signal from the probe antenna as it is moved across the
horizontal center line of the test aperture. Repeat this
recording with the probe moving along both diagonals across
the test aperture (through the center of the test aperture)

and along the entire vertical center line of the test
aperture.
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(2)

(3)

(a) The amplitude taper, for any recording across the entire
test aperture, as determined by measuring the difference
between the amplitudes of the maximum and minimum points
of the taper shall not exceed 0.25dB for the first
antenna (0.50dB for subsegquent production antennas).

(b) The amplitude taper shall be centered on the test
aperture in the sense that the peak of the taper shall
be centered on the test aperture and, for any one.
recording, the taper levels at the edge of the test
apertures shall be the same to within 0.10 dB.

(c) The maximum peak-to-valley variation between maximum and
minimum of cyclical variations having the same period
shall not exceed 0.2 dB for the first production antenna
(0.258B for subseguent production antennas) when the
effects of taper have been accounted for.

With the source antenna oriented to transmit the linearly
polarized energy of the ARSR-4 antenna and the field probe
oriented to receive orthogonal polarized energy, record the
detected signal of the probe antenna as it is moved across
the test aperture along the horizontal center line. Reorient
the probe antenna to receive the linearly polarized energy of
the ARSR-4 and insert 40 dB attenuation in the path of the
detected signal. Record the attenuated probe signal as the -
probe is moved across the test aperture along the horizontal
center line. The signal level in the first case shall not
exceed the signal level recorded for the later case. Repeat
the recordings with the probe moved along both diagonals and
the vertical center line across the entire test aperture.

For all recordings, the orthogonal polarized signal level
shall not exceed the level of the attenuated signal.

If the ARSR-4 antenna is designed to radiate circular
polarization, the following antenna range tests shall be
performed. With the source oriented to transmit linearly
polarized energy, rotate the source antenna in synchronism
with the probe antenna and record the received power level.
This should be at a number of points over the aperture of the
ARSR-4 antenna in the horizontal, vertical and diagonal

.directions using the field probe mechanism. For one test

both antennas must be aligned and maintained to the same
polarization. In this case, the variation in signal strength
recorded is a direct measure at each point in the field of
the ellipticity resulting from the reflections of the same
polarization as the direct path signal. The variation
between maximum and minimum f£ield strength shall not exceed
0.14 dB. For a second test, the procedure is the same except
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both antennas must be aligned and maintained to have their
polarization in quardature. 1In this case, the level of
signal compared to the level measured for the first test is a
measure of the cross polarization at each point in the

field. " The maximum value shall be down -42 4B.

(4) The contractor shall submit to the Government as part of the
Acceptance Test Procedures required by the SOW, the test
procedure propocsed to measure the antenna test range
reflected energy over 360 degrees of azimuth. The proposed
measurement technigque shall be adequate to assure that wide
angle sidelobes and backlobes of the ARSR-4 antenna can be
measured.

2. 0 Far Field Antennz Range Considerations

2.1 Introduction

A test environment in which the phase taper across the test
antenna is minimal must be provided. If this taper is too
severe, the antenna does not integrate the energy over its
surface in the same manner as it does at extremely large
separations, and the resulting patterns are distorted. Secondly,
the amplitude taper across the antenna must be maintained at a
minimal amount. The primary effect of moderate amplitude taper
in the incident field is to produce errors in the relative levels
of the minor lobes of the radiation pattern and to indicate a
gain slightly less than the actual value.l For most antennas

fo be tested, an incident field which is constant in amplitude
within 0.25 dB over the aperture area should ensure -negligible
error. Finally, all extraneous energy resulting from reflections
from surrounding objects, diffraction effects, etc.. must be kept
to, or below, a predetermined level to meet the allowable error
requirements for the tests to be made. 1In addition to the above
restrictions which are electromagnetic in nature, test fixtures
must have the mechanical stability and positioning accuracy to
perform the required tests. These mechanical reguirements are
very important, but this discussion will be restricted to
electromagnetic characteristics, and the above electrical
considerations shall be of paramount importance. 1In the
following sections, the elevated range test configuration will be
discussed. The design of an elevated range should be directed
toward suppressing the unavoidable reflections from the earth's
surface by a combination of directive source antennas, large
source and receive tower heights, diffraction fences, and
judicious positioning-of the antenna under test.

I chastain, J.B., et 21, Investigations of Precision Antenna

Pattern Recording and Display Techniques, Section 2. AD415-912,
April 1963.

E-5
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! Illpmination T
zz] E] 2’ -!- EI -: ! Eo }:

The allowable phase curvature across an antenna under test
depends almost entirely on its separation from the source
antenna. If the receiving antenna is in the far zone of the
transmitting antenna, the phase front of the approaching wave
deviates very little from a section of a spherical surface
centered on the transmit antenna over the main portiom of the
main lobe.?2 ‘

This can be seen in Figure 2.1 which is a graph of the calculated
phase deviation in degrees over a spherical surface through the
main lobe of the beam produced by a circular transmitting
aperture.3 A 30 dB Taylor distribution4 is assumed and four
different distances are assumed from the transmitting antenna to
the spherical surface: d2/3, 2d2/3, 442/, and infinity

where d is the aperture width of the transmitting antenna.
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4#Chastain, J.B., et al, Investigations of Precision Antenna
Pattern Recording and Display Techniques, Section 2. AD415=-3912,
April 1963.

3Hollis, J.S., et al, Microwave Antenna Measurements,
Scientificf Atlanta, Inc.., 1969, p 14-6.

4Hansen, R. C., * istri i i
Aperture Antennas,®” IRE Transactions on Antennas and Propagation,
Vol.. AP-8, pp. 23-26, January 1960.
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The main lobe extends from spproximscely U = “l.8f to U = 1.6, where
U= (#/3d sin 8. Zven at a range as small as d7a, the phase frent is
spherical to wichin 2 degrees between the 1 decibel points of patzerm,
This condition is typical-of reasomably focused symmeccical antenmmas.
When the tTansmitting antenna is focused at the test ramge, the phase
front vill be essentially that for R =ew. When the tramsmitting antennma
is’significantly defocused, slightly greater phase variatiem will be
expeTienced, In any eveat, the deviation of the pudse frovt from
spherical between the 1/4 decibel points of the beam will be small,

Trom Figures .2.1 and 2.2, it can be seen that the phase varistion
acToss the area occupied by a test antenna is almost entirely due to the
spherical nature of the wave emamating from the tramsmitrter antesna. This
deviztion can be calculated from the geometsy of Figure . 2.2,

D is the maxi=um aperture dimension of the antenna coder test and R is

the discance from the test antenns to the center of phase of the soucce
antenna, :

. From the £ixu:e, 2 2' . 2
. (R+4) =R" « (D/2) (2.0
hence 2 2
A + A& = D°/4 ‘ . -(2.2)
er 2 .
4 = D7/8R 2.3 -
for AKRR. )

EPUTRICAL PHASITRONT

R

Y

i;‘-’;éu through incides: phaseZront aT.a test separatien
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Zhe :esu.:iagE}E§se deviazics sz the exsTezes of the tast sperTuze
as cocpased tg-t2at ar the centeT is thed -
[y e

®

P de 3w (nzlsa) Tadiaes. (2.4)
A .

A coomonly esployed cTizesion i3 a phase TestTicstion of 22.5 degTees,
(6 =7/8), vhich vhen substituted i{n2o equation (2.4) yields:

.
.

IR B - zszla. . : - 2.5)

1% ancezca DeasuTemeats are made at a Tange of ZDz/A , theze will be a3
sigaificzzt depastuze of the mulls of the vadiacicn pattesz and che
locaticn and levels of the mimor lobes Z-om their infizize-ranmge values.
The amount of the deviacion depends on the origimal sidc-lzbe level a=d
g==uc===e. D. R. Dhodes caleulazed that at a ramge of 2D°/A the £izs:
sull of the patzers produced by a rectangular apersure with unilos=
{1luzizazion has a level of about =23 decibels imszead ol -eedecidels,
—his deviacion is caused omly by phase-ezTor eifesss. The ILzcideaz-wvave
amzlizude oves the test aperTiTe vas aiggagd coestans., The izlinicze
sange patsesz in the above case has a === gznliguratisn Witk a
£i=gzelode level of abouz =il decibels.

Picome 2.3 LS 2 graph showing the i22inite Tangs patiem ed a

ciszular apesTeTe Wiz a 30 desidel Tavler gistmilutien azd

The passeo=s at sepaTasiong el 2I°/A a=d LT*/A as zaloulzczed by a

Tourier izzegral C::;u:z:.’ 13 a= ancegma susl as sais is adiuscted 2=t
opsim:= Zfzzus at a Tamze s 2D7/A e 49"/ f37 exa=ple, the amzssma will
besliznzly delzezsed Zar eperaction af exXITsRe Tanges. Iz is ewviiez=: t2atg,

£2r exzve=es gczusacy of ghe izfiziss-cange side-icdbe sIIussure, 3egsuTes

Do = m Do

mez=3 =:s5t be made at 4 Tange which i3 appreciatly gTeates 3an 42%/a ,

=he abeve sedariation ezisarion is equally valid 5T the gzouad rellession
mode of operazion. Iz the case of tle goound Tellection Tamze, R is
tae sesacation Destwesn the source-izage asTay azd the Te&st aperiuTe, O,

éahodes, D. L. "On Mimi=u=m Range foT Radiacion Patieras,” 22z 3. ?, 3.
Vol. 42, No. 9, pp 1408-1410, Septembes 1934, .

Tgol1is, J. S. et al, op sit.

aialliz. J. S., ez al, | Preztsion Ground-Reflaceion Anzemna ozesiehs .
Jez2 Rznze presarsd for presenzactisn 32T léga Ansual Symposium on USAY
ADCensa Resesrsn ane Developmeanz, Uziversisy el Illizels, Desobes, 1964,
917°n. T. J., ez al, 2valuazicn of the WASA-VSC-MTT - 27 Sgresizh:
=egs Tp2ilisw gz X-Zasd gnd S-3and, 2im3l Resdors, Comstacs Noe.
NASLC-21G3, may, i¥se,
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Actual- caleulaced patzeras for these various tes: separacions are
shown in Figures 2.4 through 2.7. A 10-decibel cosine apertuce
{llusminacion function on transmitting vas assumed for these pattermns,
This illuminaéion function is very similar to chat of many

commonly used microvave agtennas. The true pattern for the antemna

i{s shown in Figure 2.4 which represents {llumination by a plane
vave of uniform amplitude. As the test separaction is decreased, as

is shown sequentially in Figures 2.5 through " 2.7, the nulls

£i11 in and the sidelobes are taised. This is accompanied by a lover
measured gain for the ancenna., lMore will be said about this gaia reduction
in che following sectien.

2.2.2 Amolitude Taper Over the Test Aperture

The eifect of amplitude taper of the iacident field cver the test
aperture on iaceiving can be considered from the viewpoing ef
recipeocity. Variation of the amplictude of the field over the
apercure oo Teceiving is analogous, within the aecuracy of the

aperture field approach, to tle modification of the aperture illumina-
tion by the primary feed on tTansmiccing. For example, coasider the
pattern of an antenna whase feed would produce an aperture illuminacien
£ (8,2 ) on tTansmitting, where (8,r) {ndicates positiom in the
aperture. If illuminated on receiving by a source antenna which produces -
gver che test aperture an amplicude tapeT g (8,r), the measured patlern
would be that of a tTansmittiag aatenna {liuminaced by a feed which
produces an illuminacion of £ (8,7) g (8,T) over the aperture. 1

g (8,2) is eonmstanc in amplizude and phase over the apersure, the
measured pattern will be the same as the infinice-range pactern for the
{1lluminacion £ (8,7).~The greater g (8,r) deviaces fzom csnstant, the
gzeater will be the devizzien of the measursd patsera Izom the iniiaice-
range pacttern. The quangitcative effect of nearly consctanc functiens

g (8,7) cannot be decermined, however, wizhout assumpeion of £ (8,7).

" Figure 2.8 is a calculated jafinize-range pattern of a circular aperture
with a l0-decibel cosine taper discribucion as tested wich a source ants&nna
which produces ? eirculazly symmezTic amplitude taper of 0.5 decibels at

the periphery.l The taper is assumed Co have 3 = form which clesely
approximaces a2 large porzion of the transmitted beam of most narTevw-beam
ancennas. The effeczs of amplitude taper on the calculaced patieTas aTe

not nearly as dramatic as the efiects of phase taper czused by shoTt rTange
lengshs. The calculated pacterns shov nearly ideatical close-in sidalobes,

The reduction in gain is about 0.15 decibel for the 0.5 decibel taver.

1OChas:ain, J. B., ec al, op cit

1130111:, J. S:, et al, op cit
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The de::éhsc in messured gaia caused by aperture taper is decermined by
the amougt of taper agsd by the aperture illumination function of the
apcenna dader test. For typical illumination functions, estimates of
deccease in measured gain aze 0.1 decibel for a 0.25 decibel taper and
0.04 decibel for s 0.1 decibel taper. A taper of lass than approxizacely
0.0l decibel would be required to limit the decrease in gain to 0.0l
decibel. A taper of 0.0l decibel would requiTe a transmitting ancenna
d-decibel beamdwidth eof approximately 16 times the widch of the sperture
under test.. : ’

Calculated values of these decresses in gaiz as functicns of both phase
and amplitude tapers are prasencted in Tables 2.1 through . 2.4 for

four different aperture {llumination funccions. It can be seen in these
eables that the correstion factors aTe of sufficient consistency with
4{1lumination function that reascnably accurste corrections can be made To
messured gain using these tables alone,

A ericerion of 0,25 decibel is commonly ecployed for the limit of the
smplitude taper over the test apertue. Calculaced pstrerns Teveal
liczle distorzion to the expected pattesn as a result of small amplitude
tapers io the illuminating field. The calculated pattern for the 0.25 d3
taper is esseatially the sace as the one for the uniform field. However,
4f s scurce agtenna is employed vhich is calzulated to produce & taper cf
che field oves the test apertuTe, it is esseatial that the transmitting
ancesna- be dizected such that the pesk of ics beam is ceatezed oo the
aocecna under test To prevent excessive and asymmecsical illumizacion
tapes with a resultant inccesse in the measuring eIToT.

Iz is izporctant to note that erTor from symmecrical amplitude taper
within the sccepted eriserion of 0.25 decibel does not produce &
defocusing type of erzor but & small modification of the messured side~
lobe levels and an error in measured gala, FTigure ..2.9 shows the

efiecs of boch a 0.25 decibel amplictude taper produced by the dizeccivicy

of a transmit antenna and a 22.5° phase taper produced by a Tange leagth

of 202/». The antemna is tIuly characcerized by the pattern shown in
Figuze 2.4, A gain reduction of 0.134 decibels would acczompany this
paczern discortion. :
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The geomecry of the elevaced range is shown in Figure 2.10. Neglecting
reilecced energy from the range surface which will be discussed later, the
smplizude taper i;:css .ghe test antenna is contTolled by the beamwidth
of the ‘trapsmif-snteana. The sagle & subtended by the antenna uader
tesc, denated by D in the figure is given by:
-1
& =2 zan (D/2Rg) * D/Rg (2.6)

since Ro>> D. The approximace 1/4 dB beamwideh 8 (.25) of typical

. % of cransmitted paciern & test
SoOREE

) aper:ure'h-? -
e
- i k; - > D
t Z. — ;;_..L
of <y
h: :r.usﬂi 11&9‘ lk
2
- Pigee 2,10  Ileveted Aztezma Tuzze geo=stilvn.

pataboloidal anczeznas coccmonly used for scurce antennas 4z the elevacad
mcde 18 given dy:

8 (.25) & 0.37a/¢, 2.7

vhare d (s the dilasmezer of the source antenna and A {3 the waveleagzh. It
i3 resdily seen that Teszricsing the smplitude taper om tha tast sntesns
to & maxizum of 0,25 d3 {s analogous to restricting the maxizum dizmesss
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of :héltource antenda. Therefore:
- 0.37R/d2 D/R, ' (2.8)
or ]
dmax = 0.37A Ro/D. 2.9)

2.3 Extraneous Enersgy

The primary source of extraneous snergy on an antenna range is
reflections. A source of reflections that {s common to all antenna
ranges is the range surface. In the elevated mode of operation, the
reflections from the vicinicy of the range surface are minimized by
clearing the vicinity of the range centerline of all obstacles such
as trees, shrubs, etc.; selecting & source antenna of high direcrivicy
80 as to allow only sidelobe energy to illuminate the range surface;
and screening the surface from sidelobe energy dby strategically placed
" conducting screens. '
Reifer to the geomerry of Figure 2,10, Assume that the maximum
amplitude taper of 0.25 dB exists across the aperture., The 0,25 43
bearwidth and main beam null separation for typical sin(x)/x micro-
wvave anteanna patterns are related by

& (NULL) &« 88 (.25 o (2.10)

I£ the main lobe energy is rescricted from the range surface, then the
lower limit for the null of the transmitted pattern is the base of the
Teceiver tower and:

- el
@ (NULL) & 2 tarn  (he/Ry) = 2h./Rg (2.11)
since RoWhr. Combining this with equations (2.8), (2.9), and (2.10)
he &4 D (2.12)

A practical design criterion for elevated test Tanges is that the raceive
tower i3 4.5 to 5 times the maximum dimension of the test aperture,

When Ry and hy have been selected, the illumination criterion of equation
(2.11) can be used to specify a minimum diameter of the source antenna.

® (NMILL) & B 6(.25) = 8(.37A/d) & 2n /R,. (2.13)
This r;quires that:

dmin = 1.5 ARe/hr. : (2.14)
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Therefore, a- minizum source antenna diameter has been established due To
che condition that only side-lobe eneIgy be allowed to illuminate the
ground, , A paximum dismeter was established o guaraactee an acceptable
amplitude taper scross the cest antenza. The rescTiciiocns on sche size
of the scurce antenna become:. “

1.5 AR/hy 3 d 3 0.37AR0/D. (2.15)

Many tescs Tequire suppression af range-surface reflections beyond that
afforded by practical tover heights and source ancenna sizes, Compliance
wich the ericeris of equatioms (2.12) and (2.14) would probably resulz iz
an extTanecus signal suppression of the order of =25 decibels Telative
to the direct-path signal level. The desired suppression can be caleculated
from the specified acsuracy 7equ12=nenzs by use of the expression
: =a/20

* r = 201leg (1-10 3+ Gy=Gp . {2.18)

wherse

z is the ratic of reflected to dicect-path signal levels
in decibels (r = 20logE3/Zp),

a i3 the desirzed measucement securvacy in decidels,

is ghe decibel gain of the test patzesn ia the disecilisn
ef the direcz-path signal, and :

Gy 13':he decibel gain of the test pazsesz in the dizecslion
of the refleczed sigzmal,

Itz has been found that even sver & veTy smooth suriace, pIrisury veflecsions
can be addizicmally suppressed 2o levels less than <35 decibels through zhe
use of stzategically placed diffraczion femces, Design values for the °
dimensions aad locatioms of such fences can be calculaced using Fresnel
zone theory*, vhile final adjusczents to the fence installazions =musc

be sccomplished experizenzally by means such as probe daza of the £ield
over the test apeTsure, While general criteris have not been developed
which apply to all elevated range configurations, experience has shown

ghat fances vhich scTeen approximactely the £irst 20 Tresnel zones oz the
mean Tange suriace will provide from =35 decibels zo =40 decibels of
suppression of range surface reflections when the tesTalz i3 neminally
regular in cross-seczion and the previously discussed cTiteris aTe satlis-~
fied., Iz is necessary te arcange these feaces so that little er no blockage
of the maln lobe of the tramsmizzer patcera i3 caused by the fences,

This precsution ensufes that the residual variaticms in the field over the
test apersure due o difé;sc:ion effaces at the fences will represent a
reascnable compromise with cthe lfvel cf reflecced signal suppressien,

wAlthough Fresnel zones are rigorcusly defined on the basis of peinz source
Tadistors, for praccical antennas Tange geometiTies Frescel zooes for a poiac
in the receiving sperture can be defined by regarding the tTansmitting

snZanna to be a point scurcs located at the center-ol-phase of its apecture.

E-24
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A full development of Fresnel zone theory will not be presented
here. The pertinent parameters of the Fresnal zones over 2
mean planar:'surface are the center, length, and width of the
ellipse which describe the outer bound of a particular zone.
These parameters can be calculated from the range geometry and
the frequency of operation.*

In addition to providing line-of-sight clearance, low-level
range surface illumination, and range surface screening via
diffraction fences, the facility design should also ensure the
clearance of all major extraneous reflecting or diffracting
obstacles over the region within about 1.5 to 2 times the
azimuthal main-lobe width of the transmitted pattern. Grading
along the range boundaries can be performed to remove regions
of possible wide-angle specular reflection into the test
aperture.

* See, for example, Holis, J. S., et al, Microwave Apntenna
Measurements, Section 14.2.4.

‘ E-25
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2.3.1 Effects of Reflecced ETnerzv

Consider ﬁﬁg'clse of a direcz-path plane wave of amplitude E4 which is
pormally incident oa the tesc aperturel? as showm in Figure 2.11(a).
Leat an extranecus plane wave of amplitude Ep enter the apercurs= at az
angle @ from the normal. At any given time, £, the phase of the direct
Wave is constant across the apersure and the direct-path field magnizude
may be expressed in phasor notacion as

&

Eg*r = Egej(6+wt) T (4.Y)
where the asterisk denctes a3 complex quanctity. .

The phase of the postulated exzraneous plane wave will v;ry aezoss the
aperture, so that the extraneous field magnitude is givea by

Eo* = Eed(27xsin@/A+d'wwe) 7 © o (4.2)
In (4.1) and (4.2), ¢ and ¢' are comstants M is the wavelength, and x is
discance measured scross the aperzure parallel to the plane containing
the directions of propagation of E4* and E.*. The magnitude of the zotal
field ia the aperture is that given byl

127he discussion hezé assumes a separatisn, R, between source and recelving
ancennas equal to or greater than 202/A, where D is the maxisus dimeasion of
the receiving apestuze. It i{s furcher assumed that the ratic D/R is small
in eomsarison with the hali-power beamwidch of the source sntenna's pactziess,
so that the plane wave approximscions are meaaingful.

Lrhis sizplified example assumes that the polarzizatisus of tha zeflected-and
direct-path waves are idenzical., While this is not stric:ly toue, ofzen the

reflecsed wave will contain a large component with pelarizaticn identical &2

thaz of the direcz=path wave, ’
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Ec* = Zyr + Ec* = [Ed‘j‘ - zr.j(Zﬂxsine/.\ + ")j.j’: (4.3)
Equacion (4.3) describes's field with a simusoidal variation ia ons disension
as skezched In Figurs 2.11(b). In this figure, Ery snd E.5 TepTasent TWo
suczessive vavefzonts of the reflected vave separated by and E4 i3 a
wavefrons of the dirsct vave of identical phase. At points x; snd %3, the
resultant amplitude i3

Tmax = Ea * Er .8

Halfwasy between these two points the waves are in phase opposition, and
the Tesultant smplicude is

Fata™ Eq - Er | (.5

The maximum ;npli:ude variation within the aperture is thus givea by
Z=E.¢ " Enin” 2=, (4.6)

Figure 2.12 4s s graph of the magnitude of cthe resulzant field
smplitude Tipple &8s a functionm of the ratio E./E4.

The angle @ caz be detasmized by
@ = sin"H(A) %.7

wheze & is seen im Figuse 2.11(k) to be the spatial pericd of the
resuliing incesfecwnce patteln ACTOSS the aperture. ’

The field {n the spertuTe may alsc be sesvasented as the sum of the two

phasors, Eq* and E.*, as {llusctoazed 42 Timwee A2.11(c), wheTe Zo* Iotaces

relazive to Ig*, The phase of the field aczoss ghe apersure will vacry as

ghe phase of the resultant of the direcz-pach and refleczed phascrs. The

maximuz phase varistiom for this plane wave case is then ..
Aj= 2 sia”t (2:/59), (4.8)

vhere E. i3 less than E4.

The precediag exa=ple, although representing an ideslized reflezzion, deman-
stcates the magoer in which excraneous sigmals disccrt an othervise planar
waveire=z., 1In a pracsical cest situatliom, neiczher the direcs nor the
extTanecus wsves would be strictly planar, and there would be extTaneous
signal souress which could conczibute to discortion of the incidene field.
For elevaced ranges, however, faor which the Tegion around the zange line-
of-sight is relatively clear of refleczing objects, the primary source of
extraneous signals {s zhe ringe surface, and the mathematical model

~ developed sbove is s useful approximation to the physical situacion.
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Figure 2.12 Magnitule of the maximum field perturbatict as & fumction
ef the relative magnitiude of the reflected sizzal.
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2.3.2 Range Tences li

Enargy which “is incidenz on ths range suTface is reradiaztsd in all
dizeczions. Phst enargy viich is refleczed inco tha test aper:u:e is s
surmation of wavelezs reradizted from every point on the suriacs. I

the surface is smooth in tes=s of the vavelength af ths rTadiation, the
energy striking the surfaces will be reradiasted wizh a majer lobe in

the specular dizeczion (angle of incidence equal to the aigle of reflsction)
{2 accordance wich Fermat's principle of stationsry phase*”. When the
wavelengeh {8 sufficiencly shor: and the Tange separation sufficiencly
long, teileczion £reom a2 smooth range suxiace approsches tha geomesrigal

optics spproximation {n which all cazrzy is zeflected i{n the specular
direczion, . .

Reflecziocn ££om 3 smooth surface can be analyzed by d.iin.ng Tresnel zones
on the suriace sizilar to zhose defined in physiecal op:ics 1£f the sur-
£ace is planar, as vell as s=oozh, the Presnel zones p:adu:ad by a peizz
source Tadiazer will be defined by a family of expanding 0111933317,
Comventionally the zones ave {denzified by ruzbering them consecutivaly,
beginning with the inner zona, The specular poize falls vizhizn the 2iz-~
.Fresnel zone and, for typical elevatad Tanges, is near the geomezTical
cexter of the £izst zome. Alzhough raflec:isd spergy fSom the entite

léror Zuzsher discussice of this topic see:

T. J. Lysn, et sl, "Svalussicn of the HASA- XSC -3TTA RF

Boresighs Test -sc-li:y st X-3and and S-3and,” FINMAL RITORT
Canzracz No, WAS10-2103, SciemgificeAzlanza, Ines,, N-67-130235,
J. 5, Bollis, et al, ”I:ves:i;s:ian [ H ?re:ixisn Asteznna Pazsezn
Racordiag aad Display Tachzicues,. Phase I1,™ FINAL REPORT,
Contzacs No. ATI0(602)-3425, Scienzific-Atlzacza, Inc., ADE302L4,

155, Silver, Miczowave Antemza Theory and Design, Radizcisn Labozatery o
Sezies, Vol. 12, McCraw-Hill Beok Co., pp. 119-128, 1950,

165ee, for Czaﬂéle. D. E. Xacr, Propagation of Short Radio Waves, Radiztion
Laboratory Series, Vol. 13, McCraw-Eill, pp. &1l1=413, 1331,

171: should be noted that Presnel zones, as used here, ace defined in tatms
of {scctTopic radiscors and receivers, Su:h sones diffar considezably Stom
the half-period zonas vhich could be defined in tev=s of the sszuasl dizective
scurse apd tast antennas. Excellent TesulZs have bdeex achiaved ocn ths basis
ef {sctzopic anteana snslysis, however, and fusther cccpliczatiocn of the
:a:heqa:icz appeaTs 22 be unascessaTy in mosl cases,

or
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range surface-concributes to the extTsneous signal level at the tas:
aperzure, ths:level can be reduced coasidezably by blocking raflacted
energy from the first several Yresmel zones. Reduction of the ralative
extranecus signal level at the test aperturs by approximacaly 10 ts 20
decibels is achievable by blocking reflections from st _least the first
20 zones, for typical elevatad sarenna Tange problentla. This bleockage
is easily achieved through the use of copducting fezces placad on tha
zange suriace over the cenczal Presnel sonasi?,

In choosing a fence configuracion for an elevatad range, consideration must
‘be given to the problem of interference due to diffzaczion over the fence
edges. The energy which reaches the test aperture is the summation of
concributions £rom all points on s spherical-wsvefront encompassing the
source, as described in Huygen's prinsiplezol 2l, 22, Thus, blockage of
any porzion of the transmitted wavefront results, through the process uf
diffractien, in a perturbation of the energy {ncidez: on the test
aperture, The nature of the diffraction disturbance can be illustoated
with the simplified example of difiraction over an infinice, stTaighs,
absorhing edge which is placed between a vadiactor and 3 plans AB, as

shown in Figure 2.13, It is desirsd to know the magunitude of the field
at a point P, which lies in the plans AR, The abscrbing half-plane blocks
a porticn of the wavefront; the field at P is detsrminad by applying
Huygen's principle to sum the contributions at ? from the rnnninge: of

the waveszonz. The normalized field at P can be approxizactad b

£ ./l? o3 (V) dv‘, 4.9
= .
° Ve ¢ 4 s (4.16)
v - u[ Adl dz
laLyon, et al, op cit. : : .

lgidznlly, absorbing fences are preferced to eliminate the possidbilicy of
refleczions from the fences resuliing in measursment isterisrence; 1% the
fences are properly designed, bowever, interference from this source is
ofzen negligible, .

202. C. Jordan, Electromsgnetic Waves and Radiating Systems, P;en:i:e-nall
PP. 572577, 19850, ‘ :

2lprune Reossi, Oprtics, Addis;n-Uesley, Chaptsr &, 1957,
221. S. Longhurst, Geomectrical and Physical Optics, Chapter 10, 1957,

232. €. Jordan, op cicz,
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and where Eq 43 the field vhich would result from ths unobstTuczad wave,
u is the arc leagth measured along the waveiront Ifxom tha 1ipe TP,

Vo corresponds 2o the point of the vavefront which inter -

seczs the top of the obstTuction, d1 is the Tadius of the wavefroums, and
dy is the distance from the vavefront to P.

DiLlractizsg :
Pigure .»2.13 Edge Diflrsciicn GecmetIy.

A plot of equation (4.9) is reproduced in Figuse 2.14. Positive values

of v corTespend to field points in the shadow region; negative values core
tespond to field points in the region of direct illuminazisa., The Tesultant
£field magnizude in the direct illuminazion region varies iz an oscillatory
manner with the locazion of the observaction point., This disturbance is
essencially equivslent to that which would be caused by a coherent
eylindrical vavefront emsnating from ‘the diffracting edge wvhich system=
atically interferes with the spherical wavefront of the unobstrucced sigacl.

_The foregoing example is obvicusly idealized, Clearly, an {nfinice,

_perfaczly-absorbing half-plane is not physically reslizable; it has been
shown, hovever, that diffraction patterans for finite, reflezting edges

E=-32
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ate linih{"':n the theoretical pactern of Figure 2.14. 24 s,
1)
= v 1d
i'. J " L ,I'\: Q ’ E .
L iYW >
IT1luminated ! 15{ ] 1 %o
zane . . L\l mMsgmitule of Telative £ield
) : 1 ] strength versus Ve .
! A
. : ; "\ Sbadov zone -
ST A v e 3 FRECI
Yo

Figuse 2.14  Field emplitule due %0 d4resmction &t =n edge.

— -

Diffraction discurbances can be seduced by increasing the clearance of
the range line-cf-sight above the fences and by ueilizing the dizeczivity
of the source antenna to minimize the eseTgy blocksd by the fsnces. A
desizable design goal is to provide for sufficient clearance Over each
fence to allow passage of the encire prinsipal 1cbe of the radiated
enezgy distribution. Further reduction can be achieved, if requized, )
by shaping the tops of the fences (wich serratlions, for exa=pls) oo
destzoy the phase coheTence cf the difiractsd enelgy. - -

e

Zku. Hartinides; *=pe Sereening Effect of Obszacles With'a sezaight Edge,"
Goddard Space Tlight Cencer, N65-33504-04, 1965, p.3. :

ZSI. J. Lyon, et al, op eiz.
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